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PREFACE. 


*TpHE  following  pages  were  written  at  the 
^  request  of  the  Editor  of  Photography , 
and  first  appeared  in  the  form  of  a  series  of 
articles  in  that  journal.  The  subject  of 
toning  bromide  papers  is  one  about  which 
much  diversity  of  opinion  exists. 

A  good  many  photographers  will  have 
nothing  whatever  to  do  with  it.  “  Why,” 
say  these,  “  if  you  want  coloured  results, 
don't  you  use  the  carbon  process  ?  ”  The 
answer  to  this  is  that,  while  the  carbon 
process  is  certainly  the  one  yielding  the  best 
results  in  every  way,  yet,  owing  to  its  un¬ 
doubted  difficulties,  it  is  not  one  which  is 
suitable  for  universal  employment.  Some 
have  said  that  they  cannot  see  where  the 
difficulties  of  the  carbon  process  come  in. 
They  cannot  have  considered  all  the  bearings 
of  the  subject.  The  enormous  popularity 
which  the  bromide  process  enjoys  shows  how 
well  it  meets  the  wants  of  photographers. 


As  everybody  knows,  black  and  white  are 
the  rendering  of  a  subject  given  by  an  ordi¬ 
narily  developed  bromide  print.  Such  a 
rendering  is  not  suitable  or  pleasing  for  all 
subjects ;  and  so,  in  order  to  give  more 
scope  to  the  bromide  process,  many  methods 
of  changing  the  normal  tone  have  been  pro¬ 
posed.  Some  of  these  processes  are  both  easy 
and  simple  to  carry  out,  and  yield  results 
about  the  permanence  of  which  no  fear  need 
be  felt  ;  but  of  others  the  same  thing  cannot 
be  said.  Care  is  certainly  necessary  in 
choosing  the  particular  toning  process  to 
be  employed. 

In  what  follows  I  have  endeavoured  in 
every  case  to  indicate,  as  far  as  can  at  present 
be  done,  the  probable  effect  each  different 
process  described  in  this  book  will  have  on 
the  life  of  a  print ;  and  the  advice  I  would 
offer  to  all  who  will  accept  it  is  only  to  employ 
those  methods  which  yield  results  of  which 
the  permanence  is  above  suspicion. 

In  conclusion,  I  can  only  express  the  hope 
that  what  I  have  written  will  prove  of  service 
to  bromide  workers. 


I. — THE  COLOUR  OF  THE  ORIGINAL 
IMAGE. 

Ta)ROMIDE  and  the  similar  papers  with 
which  the  following  pages  will  deal 
(  are  those  which  are  coated  with  an 
emulsion  of  gelatine  and  a  silver  haloid,  or 
a  mixture  of  silver  haloids.  When  such  an 
emulsion  is  exposed  to  light,  a  latent  image 
is  at  first  formed,  which  is  not  directly  visible, 
but  can  be  made  to  give  rise  to  a  visible 
image  by  the  application  of  certain  chemi¬ 
cals.  These  chemicals  are  known  as  the 
developer,  and  these  papers  are  often  spoken 
of  as  development  papers. 

Longer  exposure  to  the  action  of  light 
will  produce  a  visible  image  ;  but  practical 
photographers  are  only  concerned  with  the 
invisible  or  latent  image  produced  by  a  com¬ 
paratively  short  exposure. 

This  is  not  the  place  to  enter  into  the 
question  of  the  nature  of  the  latent  image  ; 
but  it  may  be  said  in  brief  that  there  are 
three  or  four  theories  which  have  been 
advanced  as  to  its  composition.  One  is  that 
it  consists  of  a  sub-haloid  of  silver  ;  another 
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that  it  consists  of  metallic  silver — i.e .,  in 
both  cases  a  chemical  decomposition  is 
assumed  to  occur ;  while  another,  on  the 
other  hand,  is  that  it  consists  of  the  silver 
haloid,  or  haloids  chemically  undecomposed 
but  altered  molecularly — i.e.,  a  physical  and 
not  a  chemical  change  occurs.  An  extremely 
interesting  paper  by  Dr.  Luppo-Cramer  on 
this  subject  is  contained  in  “  The  British 
Journal  Photographic  Almanac  ”  for  1903, 
pages  811-835.  The  sub-haloid  theory  is 
fully  set  out  and  expounded  in  Professor 
Meldola’s  “  Chemistry  of  Photography  ” 
(Macmillan  and  Co.) 

A  photographic  developer  may  be  described 
as  a  chemically  reducing  solution,  so  made 
up  and  controlled  that  it  exerts  an  action 
upon  those  portions  of  the  sensitive  com¬ 
pound  which  have  been  exposed  to  light, 
but  does  not  appreciably  affect  the  un¬ 
exposed  portions. 

In  order  to  obtain  satisfactory  results, 
the  prints  when  completed  should  be  of  such 
a  kind  that — 

(1.)  The  contrasts  are  suitably  and 
pleasingly  rendered. 

(2.)  The  depth,  or  substance,  of  the 
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image  is  regulated  to  a  pleasing  and  suit¬ 
able  degree. 

(3.)  The  tone,  or  colour,  of  the  image 
is  good. 

It  is  the  last  of  these  conditions  which 
is  the  one  particularly  to  be  dealt  with  here  ; 
but  since  all  the  three  are  more  or  less  bound 
up  together,  a  few  words  must  be  said  on 
the  other  two. 

Commencing  with  the  question  of  the  pro¬ 
duction  of  black  and  grey  tones  on  true 
bromide  paper,  the  first  point  to  be  con¬ 
sidered  is  the  composition  of  the  developer. 

At  one  time  ferrous  oxalate  enjoyed  almost 
a  monopoly  for  bromide  paper  development, 
but  lately  it  has  been  very  largely  super¬ 
seded  by  various  other  (phenolic)  developers. 
Ferrous  oxalate  gives  with  suitable  exposure 
a  particularly  good  and  rich  black.  It  is 
a  black  which  when  the  print  is  wet  has  in  it 
a  slight  pervading  tint  of  blue.  The  com¬ 
parative  excellence  of  different  tones  is,  of 
course,  purely  a  matter  of  taste ;  but  I 
personally  very  much  admire  the  results  of 
ferrous  oxalate  development,  and  I  find  it 
very  difficult  quite  to  equal  them  with  any 
phenolic  developer  I  have  used.  All  the 


13 


THE  COLOUR  OF  THE  ORIGINAL  IMAGE. 


same,  I  think  the  almost  complete  abandon¬ 
ment  of  the  iron  developer  shows  sound 
judgment  on  the  part  of  practical  photo¬ 
graphers.  The  bother  and  danger  of  using 
ferrous  oxalate  are  much  too  great  to  be 
compensated  for  by  a  very  slight  gain  in 
excellence  of  tone,  even  if  this  is  admitted 
to  take  place. 

A  great  number  of  excellent  developing 
formulae  have  been  given.  The  following 
two  are  very  good  : 

I. 


Amidol  . .  . .  . .  22  grains 

Potassium  bromide  . .  5  ,, 

Sodium  sulphite 

(Na2S037H2  0)  f  ounce 
Water  . .  . ,  to  10  ounces 


II. 

Metol  . .  . .  . .  16  grains 

Hydroquinone  . .  . .  8  „ 

Potassium  bromide  . .  6  ,, 

Sodium  sulphite 

(Na2S03  7H2O)  \  ounce 

Sodium  carbonate 

(Na2C03ioH20)  l  „ 
Water  . .  . .  to  10  ounces 

The  amidol  developer  only  keeps  in  good 
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condition  for  about  two  days  after  mixing. 

These  formulae  work  well  with  all  brands 
and  qualities  of  paper  ;  but  it  is  a  good 
general  rule  in  the  case  of  any  particular 
brand  of  paper  to  follow  exactly  the  directions 
issued  therewith. 

Such  formulae  as  the  above  are  what  are 
generally  termed  normal  developers,  i.e., 
they  are  about  the  strongest  developers 
which  can  with  advantage  be  employed. 
The  actual  quantity  of  sodium  or  other 
soluble  sulphite  to  be  used  is  an  important 
consideration.  No  risk  of  stains,  caused  by 
brown  oxidation  products  of  the  phenol,  i.e., 
amidol,  metol,  hydroquinone,  etc.,  should  be 
run,  and  therefore  a  quantity  of  sulphite 
sufficient  to  prevent  resinification  from  taking 
place  must  always  be  added.  With  the 
above  formulae,  about  three  per  cent,  (thir¬ 
teen  grains  to  the  ounce)  is  the  minimum 
that  can  with  perfect  safety  be  used,  and 
five  per  cent,  will  be  found  better. 

With  amidol,  sodium  sulphite  acts  as  an 
accelerator  as  well  as  a  preservative,  and 
if  it  is  reduced  in  quantity,  sodium  car¬ 
bonate  or  some  other  suitable  substance 
must  be  added  to  make  up  for  the  deficiency. 
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Five  per  cent,  should  not  be  much  exceeded 
in  any  case,  because  sodium  sulphite  is  a 
factor  in  the  production  at  times  of  fog  and 
certain  stains — silver  stains  as  opposed  to 
oxidised  phenol  stains. 

What  happens  is  this  :  The  sodium  sul¬ 
phite  dissolves  out  of  the  emulsion  some 
silver  haloid,  and  forms  a  solution  of  a 
double  sulphite  of  silver  and  sodium.  The 
silver  solution  is  easily  reduced  in  the  ab¬ 
sence  of  sufficient  potassium  bromide  by 
strong  developing  solutions.  This  produces 
general  fog. 

It  is,  of  course,  not  the  only  way  general 
fog  can  be  produced — the  non-actinically 
altered  silver  haloid  is  reduced  in  situ  by 
too  strong  a  developer,  as  can  be  shown  by 
eliminating  the  chance  of  sulphite  action. 
The  production  of  fog  through  the  action 
of  sodium  sulphite  is,  however,  an  important 
phenomenon  which  should  be  borne  in  mind 
by  the  bromide  worker.  The  action  can  be 
observed  by  varying  the  amount  of  sodium 
sulphite  in  a  normal  developer  containing 
no  bromide,  and  in  another  way  which  will 
be  referred  to  later.  In  the  case  of  amidol, 
the  above  observation  is,  of  course,  no  test 
by  itself. 
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When  the  developer  is  of  a  slow-acting 
nature,  yellow  silver  stains  are  produced  if 
a  large  quantity  of  sulphite  is  present. 

Too  much  potassium  bromide  must  not 
be  added,  or  the  purity  of  the  tone  will  be 
impaired.  The  quantity  of  this  substance 
allowable  varies  with  the  constituents  of 
the  developing  solution,  especially  with  the 
particular  phenol  used.  It  is  not  necessary 
with  all  brands  of  paper  to  add  as  much 
potassium  bromide  as  is  contained  in  the 
formulae  already  given  ;  but  it  must  be 
remembered  that  these  are  general  formulae. 
With  these  particular  formulae,  the  quantity 
of  potassium  bromide  can  be  even  increased 
without  harming  the  tone  in  any  way. 

The  colour  of  the  silver  image  finally 
obtained  on  bromide  paper  depends,  as 
everyone  who  has  used  it  knows,  not  merely 
on  the  development,  but  on  the  exposure 
as  well.  When  a  normal  developer  is  applied 
to  an  exposed  bromide  print,  and  brings 
out  ample  detail  and  ample  but  not  too 
great  density,  and  when  also,  after  this  has 
taken  place,  however  long  the  print  is  sub¬ 
jected  to  the  developer,  no  further  silver  is 
deposited  except  in  the  form  of  general 
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fog,  such  a  print  is  said  to  have  received  a 
”  correct  exposure.” 

It  may  not  be  strictly  true  to  say  that 
no  further  density  is  gained  by  a  print  which 
has  received  a  definite  and  limited  exposure 
after  a  certain  definite  period  of  develop¬ 
ment.  In  the  case  of  certain  emulsions 
developed  with  certain  developing  solutions, 
at  all  events  a  kind  of  silver  intensification 
is  apparently  set  up,  very  likely  due  to  some 
solvent  action  such  as  might  be  exerted 
by  ammonia  or  by  a  soluble  sulphite.  The 
well-known  experiments  of  Sir  W.  Abney 
and  Dr.  Eder  must  be  here  recalled  to  mind 
(see  Meldola’s  “  Chemistry  of  Photography,” 
pages  175-176).  However,  for  all  practical 
purposes  with  all  the  commonly  employed 
developers  for  bromide  work,  it  is  true  that 
after  a  certain  limited  period  of  develop¬ 
ment,  no  further  density  is  gained  by  the 
image,  or  what  further  density  is  gained  is 
incommensurate  with  the  amount  of  general 
fog  produced. 

A  “  correct  ”  exposure  may  or  may  not 
give  the  representation  and  contrast  required 
in  the  print.  We  must  modify  exposure 
and  development  to  suit  the  result  required. 
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Exposure  must  be  shortened  to  increase 
contrast,  and  increased  to  decrease  it.  Unless 
we  wish  to  develop  right  out,  it  is  necessary 
to  dilute  the  normal  developer  in  order  to 
give  sufficient  control  over  its  action  to  the 
operator.  Now,  with  “  correct  ”  exposure 
and  normal  development,  the  developing 
formulae  already  given,  and  others  like  them, 
give  very  good  black  tones.  On  dilution, 
they  also  give  excellent  grey  tones,  correct 
or  nearly  correct  exposure  being  given. 

Dilution  gives  grey  tones,  because  it  enables 
us  to  stop  development  readily  at  any  re¬ 
quired  point  before  too  great  density  has 
been  obtained.  Keeping  the  exposure  the 
same,  a  diluted  developer  will  develop  out 
a  print  to  the  same  extent,  or  practically 
to  the  same  extent,  as  a  normal  one, 
only  it  will,  of  course,  take  longer  to  do  so. 
The  contrasts,  however,  are  slightly  lessened, 
and  the  tone  slightly  altered.  Probably 
the  same  amount  of  silver  is  deposited,  but 
its  state  of  molecular  aggregation  is  some¬ 
what  different.  The  contrasts  can  be  left 
unaltered  by  giving  rather  less  exposure  in 
the  case  of  the  dilute  developer,  but  then 
the  same  amount  of  density  cannot  be 
obtained. 
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When,  however,  the  exposure  has  to  be 
much  increased  above  the  normal  and  a  very 
dilute  developer  used,  the  final  tone  of  the 
print  is  much  altered  ;  the  pure  black  or 
grey  is  pervaded  by  shades  of  yellowish 
brown.  Before  discussing  the  question  of 
improving  such  spoilt  tones,  the  production 
of  black  images  on  gelatino-chloride,  or  gas¬ 
light,  papers  may  conveniently  be  considered. 
These  are  very  similar  to  bromide  paper, 
but  require  rather  different  treatment  in 
development. 

Silver  chloride  is  much  more  soluble  in 
sodium  sulphite  solution  than  silver  bro¬ 
mide,  and  this  fact  has  to  be  remembered 
when  dealing  with  the  chloride,  or  chiefly 
chloride,  papers.  It  has  also  to  be  remem¬ 
bered  that  the  colour  of  the  silver  produced 
by  the  decomposition  of  silver  chloride  is 
much  more  readily  varied  than  that  produced 
by  the  decomposition  of  the  other  haloids. 

A  ferrous  oxalate  developer  of  proper 
strength  and  properly  restrained  is  an  excel¬ 
lent  developer  for  gaslight  papers,  from  a 
chemical  point  of  view.  The  use  of  ferrous 
oxalate  avoids  all  trouble  caused  by  silver 
going  into  solution.  Still,  even  here,  it  is 
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much  more  convenient  to  use  one  of  the 
more  modern  developers. 

The  following  will  be  found  excellent  : 
Hydroquinone  .  .  .  .  30  grains 

Metol  .  .  .  .  .  .  8  ,, 

Potassium  bromide  1  to  3  „ 

Sodium  sulphite 

(NaaSC^ILO)  200  „ 

Sodium  carbonate 

(Na2C03ioH20)  290  „ 

Water  . .  . .  to  10  ounces 

Development  with  such  a  formula  should 
be  complete  in  about  half  a  minute.  If  the 
potassium  bromide  be  present  in  too  great  a 
quantity,  the  tone  is  rendered  a  greenish 
black,  which  is  very  unpleasant.  A  developer 
containing  a  larger  quantity  of  such  a  rapid 
and  powerfully  acting  reagent  as  metol  would 
need  more  restrainer  to  prevent  fog. 

With  correct  or  nearly  correct  exposures 
the  above  developer  gives  exceedingly  fine 
tones  with  all  brands  of  paper.  The  shadows 
are  of  a  very  rich  black  tone,  which,  when 
the  print  is  wet,  has  a  distinct  shade  of  blue 
pervading  it. 

Gaslight  papers  are  sold  by  most  manu¬ 
facturers  in  two  qualities — one  for  hard  nega- 
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lives  and  one  for  softer  ones.  It  is  certainly 
a  good  thing  to  avail  one’s  self  of  these  two 
qualities  of  paper  as  much  as  possible,  but 
it  should  not  be  supposed  from  this  that 
gaslight  papers  are  not  suitable  for  modified 
exposure  and  development.  It  is  quite. true 
that  over-exposure  and  development  with  a 
dilute  developer  utterly  spoils  the  tone  for 
the  time  being,  but  this  can  be  remedied 
afterwards,  as  will  be  shown  in  the  next 
chapter. 

Quite  recently  a  method  of  obtaining 
pleasing  contrasts  in  a  bromide  or  gaslight 
print  from  a  negative  too  “  hard  ”  to  be  dealt 
with  in  a  normal  manner  was  proposed 
by  Mr.  Sterry.  Exposure  is  made  so  as  to 
render  suitably  the  detail  in  the  high  lights, 
i.e.y  the  shadows  of  the  negative.  If  now 
development  with  a  normal  developer  were 
carried  out,  the  shadows  (of  the  print) 
would  be,  of  course,  completely  fogged  up. 
Mr.  Sterry,  however,  has  found  that  by 
immersing  the  print  between  exposure  and 
development  in  certain  oxidising  solutions, 
the  contrasts  of  the  print  can  be  greatly 
lessened,  and  the  overgrowth  of  the  shadow 
density  prevented.  By  this  method,  then, 
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similar  results  are  obtained  to  those  given 
by  over-exposure  followed  by  development 
with  a  dilute  developer,  only  there  is  this- 
important  difference,  that  no  alteration  or 
at  most  only  a  slight  alteration  is  brought 
about  in  the  tone.  Hence,  none  of  the  pro¬ 
ceedings  hereafter  to  be  described  for  im¬ 
proving  a  poor  tone  need  be  gone  through 
if  Mr.  Sterry’s  method  is  employed. 

The  practical  details  are  few  and  simple. 
The  print  after  exposure  is  thoroughly  soaked 
in  water  (three  minutes  at  least),  and  is  then 
immersed  in  a  dilute  solution  of  potassium 
bichromate  or  chromic  acid,  the  latter  being 
better.  The  strength  of  the  solution  and  the 
time  of  immersion  vary  with  the  effect 
desired.  As  a  preliminary  trial,  one  can 
ascertain  the  effect  of  an  immersion  of  two* 
minutes  duration  in  a  chromic  acid  solution 
containing  two  grains  of  pure  chromic  acid 
in  every  ten  ounces  of  water.  If  potassium 
bichromate  is  used,  a  stronger  solution  is- 
necessary  than  in  the  case  of  chromic  acid, 
and  it  apparently  will  not  work  well  with  all 
brands  of  paper.  It  is  best  to  wash  the 
chromic  acid  or  bichromate  of  potash  out 
of  the  film  before  development,  although 
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merely  rinsing  in  water  appears  to  suffice. 
Fifteen  minutes’  washing  in  running  water 
will  be  found  as  a  rule  sufficient  to  eliminate 
all  the  chromium.  In  the  case  of  bromide 
paper,  an  ordinary  normal  developer  works 
very  well  after  the  chrome  bath  ;  but  in  the 
case  of  gaslight  paper,  a  weaker  one  will 
generally  have  to  be  used.  The  use  of  the 
normal  gaslight  developer  will,  at  all  events 
when  the  chrome  treatment  has  been  con¬ 
siderable,  lead  to  fog  production.  It  may 
very  likely  happen  that  a  considerably 
weakened  developer  will  have  to  be  used 
with  gaslight  paper,  and  in  this  case,  although 
a  good  tone  is  sure  to  be  obtained,  yet,  in 
order  to  get  the  very  best  colour,  the  process 
to  be  described  in  the  next  chapter  must 
afterwards  be  carried  out.  I  have  noticed 
in  experimenting  with  Mr.  Sterry’s  method 
that  the  chrome  bath  has  sometimes  an 
uneven  action.  This  unevenness,  which  I 
have  observed  occurs  more  frequently  with 
bichrome  than  with  chromic  acid,  is  the  only 
objection  which  can  be  urged  against  the 
method.  It  is  certainly  one  which  all  bro¬ 
mide  workers  should  make  a  point  of  trying 
at  the  first  available  opportunity. 
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II.— THE  COLOUR  OF  THE  ORIGINAL 
IMAGE  (  continued  ) — REDEVELOP¬ 
MENT  OF  THE  IMAGE— WARM 
TONES  BY  DEVELOPMENT. 

A  S  was  shown  in  the  previous  chapter,  it 
may  very  likely  be  the  case  that  the 
colour  of  the  image  obtained  on  bro¬ 
mide  or  gaslight  papers  is  either  a  greenish 
or  rusty  black  or  grey.  The  print  as  it  stands 
in  this  case  is  useless.  There  are  three  or 
four  methods  of  improving  it  by  depositing 
on  it  some  foreign  substance,  and  these  will 
be  dealt  with  in  their  turn,  but  for  the  present 
consideration  will  be  confined  to  a  method 
of  chlorinating  the  silver  image,  and  then 
redeveloping  it  to  silver  again.  This  method 
is,  on  the  whole,  the  best  I  know  for  the 
improvement  of  badly  toned  prints. 

The  procedure  of  bleaching  the  silver 
image  of  a  bromide  print  and  then  redevelop¬ 
ing  has  been  proposed  for  various  purposes  ; 
but,  as  far  as  I  am  aware,  it  has  not  been 
proposed  as  a  method  of  remedying  “  rusti¬ 
ness  ”  and  greenish  blacks.  It  is  certainly 
nothing  like  as  well  known  as  it  deserves  to 
be.  Even  images  which  are  distinctly  brown 
in  colour  can  be  rendered  an  excellent  black 
or  grey. 
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To  carry  it  out,  the  prints  should  be  first 
bleached  in  : 

Potassium  bichromate  90  grains 
Concentrated  sulphuric 

acid  .  .  .  .  200-400  minims 

Sodium  chloride  (common 

salt)  . .  .  .  . .  1  ounce 

Water  . .  .  .  to  10  ounces 

The  prints  are  sufficiently  bleached  after 
an  immersion  of  from  five  to  ten  minutes 
in  this  solution.  The  larger  the  quantity 
of  sulphuric  acid  present  the  quicker  the 
bleaching.  After  bleaching,  the  prints  are 
washed  in  water  till  all  the  bichromate  is 
washed  out.  Some  people  have  found  it 
necessary  to  give  prints  bleached  in  a  bichro¬ 
mate  bath  such  as  the  above  an  alum  bath 
previous  to  washing,  in  order  to  facilitate 
the  elimination  of  the  bichromate  or  chromic 
acid.  This  is  very  likely  due  to  the  fact 
that  the  actual  bath  used  contained  too 
much  bichromate  and  too  little  acid.  At 
all  events,  I  have  never  experienced  any 
difficulty  in  washing  the  prints  free  from 
chrome  stain  ;  ten  minutes  or  a  quarter  of 
an  hour  in  running  water  has  always  appeared 
to  be  long  enough.  However,  if  anyone  is 
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troubled  with  the  necessity  of  prolonged 
washing,  the  alum  bath  will  be  found  a 
complete  remedy. 

The  following  is  an  excellent  redeveloper  : 
Metol  .  .  .  .  .  .  45  grains 

Sodium  sulphite  (Na2S  037H20)  130  „ 

Sodium  carbonate  .  .  270  ,, 

Water  (Na2C03ioH20)  .  .  to  10  ounces 
No  potassium  bromide  should  be  used.  It 
is  very  important  in  the  case  of  the  applica¬ 
tion  of  such  a  redeveloper  to  a  chlorinated 
print  to  be  on  the  look-out  for  silver 
sulphite  complications. 

The  redeveloper  must  be  so  mixed  as  to 
dodge  any  chance  of  general  fog  being  pro¬ 
duced.  The  production  of  general  fog  in 
this  case  by  the  employment  of  an  unsuit¬ 
ably  mixed  developer  exhibits  the  fog  pro¬ 
ducing  action  of  sodium  sulphite  very  well, 
for  here  no  general  fog  can  be  produced 
except  by  silver  passing  into  solution.  The 
action  of  the  metol  redeveloper  above  given 
is  apparently  so  powerful  and  rapid  that 
any  silver  sulphite  solution  formed  is  decom¬ 
posed  in  situ  at  once. 

Ferrous  oxalate  (one  part  of  a  saturated 
solution  of  ferrous  sulphate  added  to  six 
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parts  of  a  saturated  solution  of  neutral 
potassium  oxalate)  is  a  very  good  redeveloper  ; 
but,  of  course,  needs  an  acid  clearing  solu¬ 
tion  after  it.  There  is  not  the  same  objection 
to  the  use  of  an  acid  clearing  bath  in  this 
case  as  in  the  case  of  primary  development, 
because  the  operation  is  not  performed  in 
the  dark  room  and  there  is  no  fixing  bath 
to  follow. 

There  is,  of  course,  no  harm  in  fixing  a 
redeveloped  print  ;  but  it  is  quite  unneces¬ 
sary,  and  therefore  better  not  to  do  so,  for 
no  unnecessary  hypo  should  be  ever  intro¬ 
duced  into  a  print.  All  that  must  be  seen  to 
is  that  redevelopment  is  complete  ;  and  this 
can  be  confidently  assumed  to  be  the  case 
when  the  print  has  been  exposed  to  the 
action  of  the  developer  for  a  period  of  time 
twice  as  long  as  that  taken  to  complete  the 
visible  effect.  In  case  of  doubt,  however, 
fixing  should  be  resorted  to. 

After  redevelopment,  the  print,  of  course, 
must  be  thoroughly  washed  in  water.  The 
whole  of  the  bleaching  and  redeveloping 
operations  should  be  done  in  a  normally 
lighted  room. 

Chlorinated  bromide  paper  is  readily  re- 
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developed  when  quite  unexposed  to  actinic 
light  ;  but  gaslight  papers  after  chlorination 
are  not  so  easily  redeveloped  under  these 
circumstances.  It  does  not  appear  that  any 
definite  and  particular  exposure  to  light  is 
of  importance,  but  a  certain  degree  of  expo¬ 
sure  is  advisable  as  helping  the  redevelop¬ 
ment  ;  and,  as  I  have  just  said,  this  can  be 
most  easily  attained  by  performing  all  the 
operations  in  actinic  light. 

Silver  iodide  is  not  suitable  for  redevelop¬ 
ment,  owing  to  its  stability  ;  and  silver 
bromide,  which  is  also  more  stable  than  the 
chloride  and  harder  to  reduce,  does  not  give 
such  pure  blacks  and  greys. 

Silver  ferrocyanide  with  a  suitable  de¬ 
veloper,  as  the  metol  formula  above  given,  will 
yield  good  black  and  grey  tones  ;  but  ferrous 
oxalate  does  not  give  such  good  results  with 
silver  ferrocyanide  as  it  does  with  sbvo 
chloride. 

A  suitable  bleaching  solution  for  con¬ 
verting  the  silver  of  the  image  into  silver 
ferrocyanide  is  : 

Potassium  f erricyanide . .  140  grains 
Ammonium  bromide  . .  180  ,, 

Water  .  .  . .  to  10  ounces 
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After  using  this,  the  print  must  be  washed 
n  water  till  no  yellow  colour  remains  in  the 
print.  It  is  of  course  possible  to  bleach 
and  redevelop  a  second  time  ;  but  I  have 
never  observed  any  advantage,  however, 
from  doing  so. 

The  chlorination  and  redevelopment  of  a 
silver  image  by  the  methods  just  advised, 
besides  improving  the  tone,  cause  a  slight 
but  undoubted  intensification.  The  state  of 
the  aggregation  of  the  silver  molecules  is 
altered  to  some  extent  ;  and  so  not  only  is 
the  colour  of  the  deposit  altered,  but  its 
body  or  covering  power  is  also  increased. 

If  P.O.P.  be  printed  slightly  darker  than 
when  gold  toning  is  going  to  be  resorted  to, 
and  then  simply  washed  and  fixed  and  again 
washed,  it  can  be  bleached  in  the  bichromate- 
chloride  bath,  and  then  the  silver  chloride 
reduced  to  metallic  silver  with  the  metol 
redeveloper.  The  print  finally  obtained  by 
this  proceeding  has  a  black  silver  image. 
The  tones,  however,  as  a  rule,  are  not  good, 
but  can  be  improved  by  subsequent  treat¬ 
ment.  This  method  of  dealing  with  P.O.P. 
is  probably  only  of  theoretical  interest. 

Having  dealt  with  black  silver  tones,  let  us 
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pass  to  warm  coloured  ones.  Here  it  is  best  to 
invert  the  former  order  of  consideration,  and 
to  deal  first  with  gaslight  papers.  The  silver 
haloid  contained  in  the  emulsion  on  these 
papers  is  either  wholly  or  chiefly  the  chloride. 

Now,  silver  produced  by  the  reduction  of 
silver  chloride,  by  varying  the  method  of 
reduction,  can  be  made  to  assume  different 
states  of  aggregation,  and  so  to  appear  in 
many  differently  coloured  forms.  Gaslight 
papers  can  be  so  exposed  and  developed  as 
to  yield  images  of  many  colours.  The  con¬ 
ditions  for  the  production  of  warm-coloured 
images  are  over-exposure  and  development, 
with  either  a  much  diluted  and  restrained 
phenolic  developer  (metol,  amidol,  etc.),  or 
else,  which  is  much  better,  the  ferrous  citrate 
developer. 

When  warm-coloured  prints  are  desired,  the 
quality  of  paper  used  should  be  that  adapted 
to  give  rather  hard  vigorous  effects  when 
black  tones  are  produced  on  it  from  ordinary 
negatives.  The  exposure  for  warm  colours 
must  be  made  to  suit  the  actual  developer 
used.  The  contrasts  obtainable  must  be  made 
the  first  consideration,  and  not  the  tone, 
just  as  in  the  case  where  black  tones  are 
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produced.  If  with  any  developer  suitable 
rendering  of  contrast  cannot  be  obtained  at 
the  same  time  as  the  desired  tone,  the 
developer  must  be  changed.  Of  course,  with 
some  negatives  a  longer  exposure  can  be 
given  than  with  others  without  spoiling  the 
gradation  of  the  contrasts. 

As  the  longer  the  exposure  is  with  any 
developer,  the  warmer  becomes  the  tone, 
so  the  tone  obtained  from  some  negatives 
will  be  warmer  than  that  obtained  from 
others,  the  developer  remaining  the  same. 

The  following  is  a  developer  which  will  be 
found  suitable  for  warm-coloured  images  : 
No.  I.  Hydroquinone  .  .  .  .  30  grains 

Metol  . 8 

Potassium  bromide  1  to  1  ,, 

Sodium  sulphite 

(Na2S037Ha0)  ..  200 
Sodium  carbonate 

(Na2C03ioH20)  .  .  290  ,, 

Water  .  .  .  .  to  10  ounces 

No.  II.  Ammonium  carbonate  ..  \  ounce 

Ammonium  bromide  .  .  \  ,, 

Water  .  .  .  .  to  10  ounces 

The  following  examples  show  the  method 
of  employing  this  developer  : 
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Brown  Tones. — Exposure  about  four  times 
normal. 

No.  I.  .  .  .  .  .  .  i\  ounces 

No.  II.  .  .  .  .  70  minims 

Water  .  .  .  .  to  10  ounces 

Warm  Brown  Tones. — Exposure  about  six 
times  normal. 

No.  I.  .  .  .  .  1  ounce 

No.  II.  .  .  .  .  .  .  190  minims 

Water  .  .  .  .  to  10  ounces 

Very  Warm  Brown  Tones.  —  Exposure 
about  eight  times  normal. 

No.  I.  .  .  .  .  .  .  \  ounce 

No.  II .  i  „ 

Water  .  .  .  .  to  10  ounces 

Red  Tones. — Exposure  about  ten  times 
normal. 

No.  I.  .  .  .  .  .  .  160  minims 

No.  II.  .  .  .  .  .  .  100  „ 

Water  .  .  .  .  to  10  ounces 

In  using  a  ferrous  citrate  developer,  the 
following  solutions  will  be  found  serviceable  : 

Stock  Solution  I. 

Ammonium  citrate  .  .  3  ounces 

Water  .  .  .  .  to  10  ,, 

It  is  as  a  rule  best  to  filter  this  solution, 
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as  the  ammonium  citrate  generally  met  with 
is  somewhat  dirty. 

Stock  Solution  II. 

Citric  acid  .  .  . .  3  ounces 

Water  .  .  .  .  to  10  „ 

Stock  Solution  III. 

Ferrous  sulphate  .  .  3J  ounces 
Con.  sulphuric  acid  .  .  25  minims 

Water  . .  . .  to  10  ounces 

Stock  Solution  IV. 

Sodium  chloride  (common 

salt)  . .  .  .  .  .  1  ounce 

Water  .  .  .  .  to  10  ounces 


The  following  examples  of  the  use  of  the 
above  solutions  are  given  : 

Brown  Tones. — Exposure  about  four  times 
normal. 


No.  I.  .  .  .  .  3  ounces 

No.  III.  .  .  .  .  .  .  1  ounce 

No.  IV.  .  .  .  .  10  minims 

No.  IV.  is  best  added  by  means  of  a  dropping 
bottle. 


Warm  Brown  Tones. — Exposure  about  six 
times  normal. 


No.  I.  .. 
No.  II.  .. 
No.  III.  .. 
No.  IV.  .. 


2  ounces 
1  ounce 

10  minims 
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The  small  quantity  of  sodium  chloride  in 
the  above  formulae  restrains  development 
somewhat,  and  prevents  a  tendency  to  the 
production  of  uneven  tones  which  generally 
shows  itself  in  the  absence  of  this  substance. 
By  increasing  the  amount  of  salt  present 
in  the  developer,  we  can  lengthen  the  expo¬ 
sure  and  obtain  warmer  tones,  e.g.  : 

Red  Tones. — Exposure  about  nine  times 
normal. 

No.  I.  .  .  .  .  .  2  ounces 

No.  II.  .  .  .  .  .  .  i  ounce 

No.  Ill . 

No.  IV.  .  .  .  .  .  .  ioo  minims 

Yellowish  tones  can  be  got  by  both  the 
phenolic  and  ferrous  citrate  developers  by 
still  further  modifying  the  formula  used  from 
that  required  to  yield  red  tones.  Very  few, 
if  any,  are,  however,  likely  to  care  for  yel¬ 
lowish  tones. 

If  colder  tones  are  desired  than  are  given 
by  the  first  formula,  the  ammonium  citrate 
solution  can  be  partially  replaced  by  a  satu¬ 
rated  solution  of  neutral  potassium  oxalate. 
Instead  of  using  three  ounces  of  ammonium 
citrate,  two  and  three-quarter  ounces  are  used, 
and  from  one-eighth  to  one-quarter  of  an 
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ounce  of  the  potassium  oxalate  solution 
added.  The  exposure  in  this  case  will  be 
about  three  times  the  normal.  No  clearing 
bath  is  necessary  with  any  of  these  citrate 
or  citro-oxalate  formulae,  but  the  prints  must 
be  well  washed  in  water  before  fixing. 

In  an  article  in  Photography ,  April  25th, 
1903,  page  407,  attention  was  called  to  the 
fact  that  by  substituting  in  the  normal 
developer  acetone  sulphite  for  sodium  sul¬ 
phite,  warmer  tones  can  be  obtained.  A 
formula  giving  warm  black  tones  with  gas¬ 
light  papers  is  : 

Edinol  .  .  .  .  32  grains 

Hydroquinone  .  .  32  „ 

Acetone  sulphite  96  „ 

T  ribasic  sodium  phos- 

phate . 512 

Potassium  bromide  .  .  5  „ 

Water  .  .  .  .  to  10  ounces 

The  production  of  warm  tones  by  develop¬ 
ment  on  gaslight  paper  is  quite  an  easy  and 
satisfactory  process ;  although,  as  is  only 
natural,  it  requires  a  little  practice  at  first 
before  the  best  results  can  be  obtained.  In 
the  case  of  true  bromide  papers,  however, 
it  is  not  easy  to  obtain  really  warm  tones  in 
this  manner. 


36 


THE  'COLOUR  OF  THE  ORIGINAL  IMAGE ; 

It  is  easy  enough  to  obtain  warm  black 
tones  if  such  are  admired.  Suitably  extended 
exposure  and  restrained  development  (i.e., 
development  with  an  abnormally  large  quan¬ 
tity  of  potassium  bromide  in  the  developer) 
will  yield  such  tones  ;  but  there  is  a  danger, 
at  all  events  in  the  case  of  some  developers, 
of  getting  greenish  results.  The  use  of 

acetone  sulphite  seems  to  be  the  best  plan 
at  present  available. 

Mr.  Wade  in  the  above  quoted  article 
gives  one  of  the  best  formula  yet  given  for 
this  purpose.  It  is  : 

Edinol  .  .  .  .  20  grains 

Acetone  sulphite  .  .  120  ,, 

Potassium  carbonate  .  .  150  „ 

Water  .  .  .  .  to  10  ounces 

Another  formula  on  the  same  lines  which 
works  well  is  : 

Adurol  .  .  .  .  30  grains 

Potassium  bromide  .  .  ,, 

Acetone  sulphite  . .  135  ,, 

Sodium  carbonate 

(Na2  CO3I0H2O)  270  „ 

Water  .  .  .  .  to  10  ounces 

The  exposure  must  be  varied  to  suit  the 
tone  as  much  as  possible.  Brown  tones  can 
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be  obtained  on  true  bromide  paper  by  using 
the  metol-hydroquinone  ammonium  carbo¬ 
nate  developer  given  above.  As  an  example  : 
No.  I.  .  .  . .  4  ounces 

No.  II .  |  „ 

Water  . .  . .  to  io  „ 

will  serve.  About  four  times  the  normal 
exposure  is  required.  The  ferrous  citrate 
developer  may  also  be  employed. 

The  method  of  obtaining  brown  tones  on 
true  bromide  paper  by  development  has  not 
been  much  worked  with,  and  not  much  is 
apparently  known  about  it.  All  I  can  say  is 
that  in  my  hands  the  method  has  never 
yielded  pleasing  results,  and  I  do  not  think 
it  is  of  much  practical  value.  Only  hard 
negatives  are  suitable  for  producing  brown 
prints. 

Some  attempts  at  different  times  have  been 
made  to  obtain  warm  tones  on  bromide 
and  gaslight  papers  by  bleaching  the  black  or 
grey  silver  image  to  silver  chloride,  and  then 
redeveloping  with  a  developer  of  the  kind 
used  for  producing  warm  tones  on  gaslight 
paper  by  primary  development.  The  method 
certainly,  on  the  face  of  it,  looks  very  pro¬ 
mising,  but  very  little  has  come  of  it  so  far. 
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Gaslight  papers  appear  to  give  the  best  results. 

Probably  the  lasting  quality  of  a  bromide 
print  which  has  been  carefully  prepared  and 
washed  is  much  underrated  by  a  good  many 
people.  A  print  normally  developed  from  a 
rapid  coarse-grained  emulsion  will  certainly 
keep  in  splendid  condition  under  ordinary 
circumstances  for  a  great  many  years. 
Future  experience  will  alone  determine 
exactly  how  many.  Though  we  cannot  at 
present  say  anything  very  definite,  there 
is  good  reason  for  believing  that  the  probable 
life  of  a  print  will  vary  with  the  size  of  the 
silver  particles  forming  the  image.  Cer¬ 
tainly,  the  smaller  the  particles  the  more 
easily  is  the  image  acted  on  by  chemical 
reagents.  When  normal  development  has 
been  carried  out,  following  a  normal  expo¬ 
sure,  the  size  of  the  silver  particles  varies 
with  the  grain  of  the  emulsion.  With  such 
prints,  therefore,  the  lasting  properties  will 
probably  vary  with  the  emulsion  from  which 
they  have  been  made.  The  warm-toned 
images  produced  by  modified  exposure  and 
development,  being  of  finer  grain,  will  in  all 
probability  be  found  to  be  inferior  in  per¬ 
manency  to  the  normal  black  ones. 
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III.— GOLD  AND  PLATINUM  TONING. 
ONING  the  black  or  grey  silver  image  on 


^  bromide  or  gaslight  papers  with  gold  is 
very  seldom  resorted  to,  as  it  is  generally 
considered  that  as  a  rule  nothing  can  be 
gained  thereby.  Gold  is  deposited  on  a 
bromide  print  in  the  blue-coloured  state, 
and  so  the  effect  of  gold  toning  is  to  render 
the  tones  much  bluer  than  before. 

Now,  when  the  original  tone  is  a  good  pure 
black  or  grey,  most  people  will  consider  that, 
so  far  from  any  improvement  being  brought 
about  by  making  it  more  blue  in  character, 
exactly  the  opposite  is  the  case.  However,  the 
method  can  be  advantageously  employed 
when  the  print  is  in  any  way  rusty  or  greenish 
in  colour.  Here  it  is  best  to  employ  in  the 
first  instance  the  redevelopment  method 
advocated  in  the  second  chapter,  and  only 
to  resort  to  gold  toning  if  it  should  prove 
necessary  after  this  has  been  done.  In  actual 
practice,  redevelopment  by  itself  will  very 
seldom  fail  to  yield  a  most  satisfactory  tone. 

I  do  not  mean  to  imply  that  gold  toning 
is  not  a  good  method  to  employ.  It  is  cer¬ 
tainly  a  good  method,  only  there  is  a  danger 
of  getting  too  blue  a  tone. 
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We  noted  in  the  preceding  chapter  that 
a  print  on  P.O.P.,  simply  fixed,  could,  after 
washing,  be  bleached  and  redeveloped  so  as 
to  give  a  black  image.  The  colour  of  the 
silver  is  in  this  case  not  as  a  rule  satisfactory, 
but  it  can  be  put  right  by  toning  slightly 
with  gold.  A  stronger  solution  of  gold  must 
be  used  with  bromide  prints  than  when 
ordinary  P.O.P.  prints  are  toned  in  the  same 
manner.  The  coarser  grain  of  the  bromide 
print  causes  the  inter-action  between  the 
gold  compound  and  the  silver  to  be  much 
slower  than  in  the  case  of  P.O.P. 

The  ammonium  sulphocyanide  bath  is 
usually  recommended.  To  employ  such  a 
bath  it  is  convenient  to  make  up  the  follow¬ 
ing  stock  solutions  : 

I.  Gold  Stock  Solution. — One  15  grain 
tube  of  gold  chloride  in  5  ounces  of  water. 

II.  Ammonium  Sulphocyanide  Stock  Solu¬ 
tion. — 150  grains  in  5  ounces  of  water. 

One  part  of  I.  is  added  to  one  part  of  II., 
and  the  mixed  solution  allowed  to  stand  till 
it  is  colourless.  This  solution  is  best  diluted 
to  half  or  even  quarter  strength,  except  when 
we  wish  to  get  a  very  blue  tone. 

After  gold  toning  has  proceeded  to  the 
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desired  degree,  the  print  should  be  washed 
in  water  and  then  fixed,  and  after  this  well 
washed  again. 

By  resorting  to  gold  toning  in  the  case 
of  gaslight  papers  on  which  a  red  silver 
image  has  been  developed,  a  series  of  colours 
passing  from  red  through  purple  to  blue  can 
be  easily  obtained.  The  bath  generally 
recommended  for  this  purpose  is  the  well- 
known  sel  d' or  solution,  the  formula  for 
which  is  given  below.  A  small  quantity  of 
sodium  carbonate  should  be  added,  because 
otherwise  a  deposit  of  sulphur  will  at  first 
occur.  The  precipitation  of  sulphur  appears 
to  be  complete  in  about  three  hours  ;  and 
it  may  be  that,  if  the  bath  is  allowed  to  stand 
for  at  least  that  time,  no  danger  will  arise. 
Still,  there  is  a  pretty  generally  felt  suspicion 
that  in  such  a  case  all  the  depositable  sulphur 
does  not  come  down  in  the  first  instance, 
but  that  it  will  be  brought  down  by  the 
attraction  of  the  silver  image,  or  perhaps  of 
the  gelatine,  which  has  unfortunately  the 
power  of  absorbing  sulphur  to  some  extent. 
The  matter  is  not  clear  by  any  means,  and 
so  some  soda  should  certainly  be  added.  In 
this  case  the  bath  becomes  quite  free  from 
objection. 
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Gold  Stock  Solution. — One  15  grain  tube 
of  gold  chloride  in  nj  ounces  of  water. 

Sel  d’Or  Bath. 

Sodium  carbonate 

(Na2C03ioH20)  45  grains 

Hypo  . .  . .  . .  2\  ounces 

Gold  chloride  solution  . .  3  „ 

Water  . .  .  .  to  10  „ 

This  bath  keeps  well,  and  is  replenished  with 
fresh  gold  as  required.  In  toning  the  red 
silver  prints,  care  is  needed  to  prevent  over¬ 
toning,  as  the  wet  print  is  very  deceptive. 

An  interesting  method  of  toning  bromide 
prints  with  gold  was  recently  published 
by  M.  Le  Mee  in  the  Photo-Revue.  The 
prints  are  first  bleached  in  a  bichromate- 
chloride  bleacher — the  one  given  in  my  last 
chapter  will  serve  very  well — and  are  then, 
after  washing,  exposed  to  light  in  a  solution 
of  sulphurous  acid.  A  suitable  solution  is : 
Sodium  sulphite 

(Na2S037H20)  40  grains 

Sulphuric  acid  (concentrated)  12  minims 
Water  . .  .  .  to  10  ounces 

The  sodium  sulphite  is  dissolved  in  the  water 
before  adding  the  acid.  Substances  other 
than  sulphurous  acid  can  be  used,  such  as 
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citric  acid,  an  alkaline  citrate,  or  potassium 
nitrate ;  but  sulphurous  acid  is  much  the 
best.  On  exposure  to  light  in  the  above  solu¬ 
tion,  the  image  reappears  fairly  rapidly. 
When  it  is  sufficiently  reprinted  out,  the  paper 
must  be  washed  for  a  few  minutes,  and  can 
be  then  toned  with  gold. 

It  is  claimed  that  the  image  thus  obtained 
is  much  more  favourable  to  gold  toning  than 
the  original  one.  I  cannot  say  that  I  have 
found  much  advantage  in  this  proceeding  as 
applied  to  gold  toning,  but  it  is  certainly  an 
interesting  method  which  some  may  find 
advantageous.  The  action  of  the  sulphurous 
acid  is  no  doubt  that  of  a  chemical  sensitiser 
— it  absorbs  chlorine,  and  so  helps  the  action 
of  light.  If  the  image  is  too  weak  after  fixing 
(which  with  these  gold  toning  processes  must 
never  be  omitted,  except,  of  course,  when  a 
combined  bath  is  employed),  this  shows  that 
the  exposure  to  light  has  not  been  long 
enough. 

On  exposing  to  light  till  apparently  no 
further  action  occurs,  and  then  after  washing, 
either  fixing  or  treating  with  a  developer  to 
get  rid  of  any  chloride  or  sub -chloride  remain¬ 
ing,  a  dark  purple  silver  image  is  obtained  in 
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the  case  of  bromide  or  gaslight  papers,  and  a 
yellow  one  in  the  case  of  P.O.P.  The  purple 
images  of  the  wet  bromide  and  gaslight  papers 
become  almost  black  when  the  prints  are  dry. 

Toning  bromide  or  gaslight  prints  with 
platinum  is  not  as  a  rule  an  advantageous 
proceeding  ;  but,  as  in  the  case  of  gold,  it 
may  be  used  to  cure  rustiness  and  similar 
ills.  A  suitable  solution  may  be  made  by 
dissolving  about  two  grains  of  potassium 
chloroplatinite  in  one  ounce  of  water  and 
adding  two  or  three  drops  of  concentrated 
nitric  acid.  After  toning,  the  print  is  washed 
in  water,  and  then  fixed.  The  colour  of  the 
deposited  platinum  is  black. 

Several  attempts  have  been  made  to 
improve  the  platinum  toning  solution  by 
adding  to  it  certain  other  substances.  Cupric 
chloride,  ferric  oxalate,  potassium  ferric 
oxalate,  and  mercuric  chloride  were  proposed 
by  the  late  Mr.  W.  B.  Bolton  ( British  Journal 
of  Photography ,  November  9th,  1894).  Mr. 
Bolton  came  to  the  conclusion  that  mercuric 
chloride  was  much  the  most  suitable  sub¬ 
stance  for  this  purpose. 

In  the  case  of  the  addition  of  mercuric 
chloride,  the  mechanism  of  the  reaction  is 
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probably  this :  Mercuric  chloride  bleaches  the 
silver  image  forming  silver  chloride  and  mer¬ 
curous  chloride,  and  then  the  mercurous 
chloride  so  formed  reacts  with  the  platinous 
chloride,  forming  mercuric  chloride  again, 
and  platinum  is  deposited.  The  image  con¬ 
sists  of  silver  chloride  and  platinum,  together 
with  an  amount  of  mercurous  chloride 
depending  on  the  difference  of  the  velocity 
of  the  action  of  platinous  chloride  on  mer¬ 
curous  chloride,  and  the  bleaching  action  of 
the  mercuric  chloride  on  the  silver.  There 
is  also,  of  course,  present  in  the  image  an 
amount  of  unaltered  silver,  depending  on 
the  stage  to  which  bleaching  has  been  carried. 

A  sepia  tone  is  given  to  a  bromide  print 
by  such  a  method ;  but  it  appears  to  be 
more  due  to  the  chlorides  present  than  to 
the  platinum,  for  it  is  destroyed  in  the  fixing 
bath,  and  the  print  much  weakened. 

As  to  the  permanence  of  prints  toned  by 
this  method,  little  reliance  can  be  placed 
thereon.  It  is  certainly  desirable  in  this  case 
that  the  word  platinum  should  not  deceive. 
It  must  be  said,  however,  that,  although 
there  are  no  doubt  very  suspicious  points 
about  such  an  image,  yet  in  actual  practice 
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many  prints  toned  in  this  way  have  been 
found  to  last  much  better  than  one  would 
have  thought.  It  appears  that  the  silver 
chloride  is  only  very  slightly  affected,  if  at 
all,  by  light.  This  is  curious,  and  is  due 
to  its  molecular  state  being  influenced  by 
the  mercurous  chloride.  The  actual  com¬ 
position  of  the  image  is  certainly  a  somewhat 
variable  one,  and  so  the  degree  of  permanence 
possessed  by  different  prints  will  vary.  The 
method  yields  prints  undoubtedly  more  open 
to  attack  by  sulphuretted  hydrogen  than  is 
an  untoned  bromide  print,  and  as  there  are 
far  better  and  more  certain  methods  of 
obtaining  a  sepia  tone,  it  would  certainly 
appear  most  inadvisable  to  employ  this  one. 

Mr.  C.  W.  Somerville  states  that  the  com¬ 
position  of  the  bath  should  be  exact  in  its 
details  in  order  that  a  good  tone  may  be 
obtained. 

His  formula  is  : 

Potassium  chloroplatinite 
Mercuric  chloride 
Citric  acid 

Ten  per  cent,  solution  of 

potassium  bromide  . .  2  minims 

Water  . .  . .  to  io  ounces 


2  grams 
i  grain 
9  grains 


47 


GOLD  AND  PLATINUM  TONING. 

After  the  desired  tone  is  gained,  the  print 
is  washed  in  water,  and  is  then  complete. 
Fixation,  for  the  reason  above  given,  must 
not  be  resorted  to.  Mr.  Somerville  has  advo¬ 
cated  applying  a  developer  to  the  toned  print 
as  a  method  of  intensification.  The  developer 
reduces  the  silver  chloride  and  mercurous 
chloride  to  silver  and  mercury.  The  metol 
redeveloper  given  in  the  [previous  chapter 
is  suitable. 


IV.— FERROCYANIDE  COLOURS. 


TTF  the  silver  image  of  a  bromide  or  similar 
^  print  is  subjected  to  the  action  of  a 
soluble  ferricyanide  (say  potassium  ferri¬ 
cyanide),  silver  ferrocyanide  and  potassium 
ferrocyanide  are  formed.  There  may  be 
other  subsidiary  reactions  occurring  under 
certain  circumstances,  but  these  need  not  be 
considered  here.  Potassium  ferrocyanide  is 
soluble  and  of  a  pale  yellow  colour  ;  but  there 
are  other  metals  which  form  a  soluble  ferri¬ 
cyanide  and  an  insoluble  and  strongly- 
coloured  ferrocyanide,  and  by  employing  a 
solution  of  the  ferricyanide  of  such  metals, 
we  obtain  images  of  various  colours.  White 
insoluble  silver  ferrocyanide  always  forms 
part  of  the  image  unless  it  is  specially  removed. 

As  to  the  degree  of  permanence  possessed 
by  prints  treated  in  this  manner,  it  is  diffi¬ 
cult  to  speak  with  certainty.  It  is  generally 
held  that  one  of  the  chief  dangers  against 
which  silver  prints  have  to  contend  is  the 
presence  of  small  traces  of  sulphuretted 
hydrogen  in  the  air.  Now,  sulphuretted 
hydrogen  acts  much  more  readily  on  a  ferri- 
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cyanide-toned  image  than  on  a  plain  silver 
one  ;  in  other  ways  also  the  stability  of  the 
ferrocyanide  compounds  falls  a  good  deal 
short  of  that  of  metallic  silver,  and  so  it 
would  certainly  seem  that  the  risks  against 
the  life  of  the  print  are  very  considerably 
increased  by  this  toning  process.  Sufficient 
practical  evidence  has  not  yet  been  accu¬ 
mulated  to  enable  a  fair  judgment  to  be 
passed  on  this  subject. 

The  ferricyanides  chiefly  employed  for 
toning  purposes  are  those  of  uranium,  copper, 
and  iron  ;  and  by  their  agency  a  great  many 
tones  may  be  obtained. 

A  suitable  uranium  bath  is  : 

Uranium  nitrate  . .  12  grains 

Potassium  ferricyanide  6  „ 

Glacial  acetic  acid  . .  150  minims 
Water  . .  . .  to  10  ounces 

This  bath  will  not  keep  long,  and  so  must 
be  made  up  as  required.  Those  who  do  not 
care  to  weigh  out  their  own  chemicals  will 
find  it  convenient  to  keep  in  stock  ten  per 
cent,  solutions  of  uranium  nitrate  and 
potassium  ferricyanide,  and  to  take  for  the 
toning  bath  : 
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Ten  per  cent,  solution  of 

uranium  nitrate  . .  120  minims 

^2  drams) 

Ten  per  cent,  solution  of 

potassium  ferricyanide  60  minims 

(1  dram) 

Glacial  acetic  acid  . .  150  minims 

Water  . .  . .  to  10  ounces 

The  addition  of  the  acetic  acid  is  necessary, 
because  the  uranium  ferrocyanide  deposit  is 
very  easily  attacked  by  alkalies  ;  even  ordi¬ 
nary  hard  tap  water  will  slowly  dissolve  it. 

The  range  of  tones  obtained  with  the 
uranium  bath  is  very  wide.  The  cold  black 
silver  image  gradually  changes  to  a  warm 
black,  then  a  dark  brown,  and  afterwards 
passes  through  various  shades  of  brown  and 
reddish  brown  to  a  bright  red. 

The  print  is  taken  out  of  the  solution 
when  the  desired  colour  has  been  reached.  It 
is  best  to  wash  it  in  two  or  three  changes  of 
dilute  (about  one  per  cent.)  acetic  acid. 
After  this,  the  print  is  washed  in  several 
changes  of  water.  The  washing  in  water 
must  not  be  prolonged,  or  else  the  image 
will  suffer.  It  should  not  occupy  more  than 
about  a  quarter  of  an  hour,  and  at  the  end 
of  this  time  the  whites  should  be  quite  clear. 
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If,  however,  the  whites  are  not  clear 
by  then,  a  very  slightly  alkaline  solution 
can  be  used  to  expedite  matters.  Ammonia 
solution  or  ammonium  carbonate  are  the 
alkaline  substances  generally  used  for  this 
purpose,  but  caustic  soda  does  very  well. 
What  is  important  is  to  use  whatever  alka¬ 
line  substance  is  used  in  very  dilute  solution. 
The  image,  of  course,  will  be  somewhat 
reduced  by  this  proceeding. 

Another  method  of  clearing  the  whites, 
which  is  perhaps  safer  to  use  as  far  as  imme¬ 
diate  results  are  concerned,  but  which  may 
possibly  be  followed  by  undesirable  conse¬ 
quences,  is  to  immerse  the  print  in  a  solution 
of  ammonium  sulphocyanide  of  about  one 
per  cent,  strength.  In  this  the  whites  will 
clear  rapidly,  and  the  rest  of  the  print  will 
be  considerably  brightened  in  colour.  The 
brightening  in  colour  is  evidently  due  to  the 
action  of  the  ammonium  sulphocyanide  on 
the  silver  ferrocyanide,  some  of  the  latter 
being  dissolved  out.  I  do  not  know  whether 
the  ammonium  sulphocyanide  leaves  behind 
any  insoluble  compound  which  would  tend 
to  shorten  the  life  of  the  print ;  but  I  do  not 
think  it  does.  After  treatment  with  ammo- 
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nium  sulphocyanide,  the  print  should  be 
washed  in  two  or  three  changes  of  water, 
and  then  in  several  changes  of  dilute  acetic 
acid,  and  finally  again  in  three  or  four 
changes  of  water.  No  traces  of  ammonium 
sulphocyanide  must  be  left  in  the  print. 

It  has  been  proposed  to  treat  a  uranium 
toned  print  with  hypo  solution  in  order  to 
brighten  the  tone  by  dissolving  out  some  or 
all  of  the  silver  ferrocyanide.  The  result  is  no 
doubt  attained  easily  enough,  but  how  about 
the  subsequent  elimination  of  the  hypo  ? 
A  uranium-toned  print  cannot  be  washed  for 
long  in  ordinary  tap  water,  as  this  slowly 
dissolves  away  the  image.  An  acid  solution 
is  not  available  in  the  case  of  hypo  ;  and 
so  if  hypo  be  used,  it  would  appear  to  be 
necessary  to  wash  after  its  application  in 
distilled  water. 

The  following  solution  is  said  to  yield 
excellent  results,  and  to  be  less  likely  to  pro¬ 
duce  stains  than  the  ordinary  one  : 


Lead  nitrate 

7 

grains 

Potassium  ferricyanide 

20 

yy 

Uranium  acetate 

15 

yy 

Citric  acid 

75 

yy 

Ammonium  chloride 

3 

yy 

Water  . .  . .  to 

10 

ounces 
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I  have  myself  obtained  very  good  results 
with  this  formula  when  experimenting  with 
it.  After  toning,  the  print  must  be  washed 
as  before. 

Dr.  Mills  recommends  treating  uranium- 
toned  prints  after  their  final  washing  with  a 
five  per  cent,  solution  of  white  dextrine  con¬ 
taining  a  trace  of  glycerine.  The  prints  are 
soaked  for  five  minutes  in  this  solution, 
and  then  drained  and  dried.  It  is  claimed 
that  the  permanency  of  the  toned  prints  is 
considerably  increased  by  this  process. 

Copper  ferrocyanide  is  a  brownish  red 
substance  insoluble  in  water.  The  ferri- 
cyanide  is  also  insoluble  in  water,  but  soluble 
in  the  solution  of  certain  salts.  Some  years 
ago  ammonium  carbonate  was  often  recom¬ 
mended  as  a  solvent  for  copper  ferricyanide. 
However,  it  was  not  until  Mr.  Ferguson 
pointed  out  the  advantage  of  using  alkaline 
citrates  for  this  purpose  that  the  copper 
ferricyanide  method  became  of  any  real 
practical  use.  There  are  a  good  many  solu¬ 
tions  which  dissolve  copper  ferricyanide  and 
not  copper  ferrocyanide ;  but  the  alkaline 
citrates  alone  give  solutions  which  will  not 
stain  the  print,  and  are  really  satisfactory. 
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The  following  formula  will  be  found  to 
work  very  well : 

Potassium  ferricyanide  45  grains 
Potassium  citrate  . .  1  ounce 

Copper  sulphate  . .  55  grains 

Water  . .  . .  to  10  ounces 

or  for  those  who  like  stock  solutions  : 

Ten  per  cent,  potassium 

ferricyanide  solution . .  1  ounce 

Twelve  per  cent,  copper 

sulphate  solution  . .  1  „ 

Twelve  and  a  half  per 
cent,  potassium  citrate 
solution  . .  . .  8  ounces 

The  colours  obtained  vary  from  a  warm  black 
through  reddish-browns  to  red.  I  have  never 
obtained  a  really  good  sepia  tone  with  the 
copper  ferricyanide  bath  ;  the  results  have 
always  been  too  red.  After  the  desired  tone 
has  been  obtained,  the  print  is  taken  out 
of  the  toning  solution  and  washed  in  running 
water  for  about  twenty  minutes.  The  image 
is  attacked  by  alkalies  and  even  by  tap  water 
just  as  the  uranium-toned  image  is,  but  not 
nearly  so  readily. 

If,  as  will  sometimes  happen  with  certain 
brands  of  paper,  the  high  lights  are  somewhat 
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stained  to  a  faint  pinkish  colour,  they  can 
be  cleared  with  a  dilute  alkaline  solution,  as 
in  the  case  of  uranium  stains  ;  or  the  stains 
can  generally  be  prevented  by  somewhat 
increasing  the  amount  of  the  potassium 
citrate  in  the  above  formula. 

Copper  ferricyanide-toned  prints  can  be 
brightened  by  the  use  of  hypo,  like  the 
uranium-toned  prints.  Here  also  I  consider 
it  necessary  to  use  distilled  water  for  the  final 
washing,  although  not  so  necessary  as  in 
the  uranium  case. 

By  means  of  a  solution  of  ferric  ferri- 
cyanide,  a  blue  tone  can  be  obtained  due  to 
the  formation  of  ferric  ferrocyanide  (Prus¬ 
sian  blue).  In  order  to  prevent  the  formation 
of  a  certain  quantity  of  ferrous  ferricyanide, 
which,  not  being  quite  insoluble,  “  runs  ”  to 
some  extent,  it  is  necessary  that  the  solution 
should  contain  some  nitric  acid. 

The  following  is  a  good  formula  : 

Potassium  ferricyanide. .  45  grains 

Concentrated  nitric  acid 
Ferric  ammonium  citrate 
Water  . .  . .  to 

or  in  stock  solutions  : 

Ten  per  cent,  solution  of 
potassium  ferricyanide 
66 


24  minims 
22  grains 
10  ounces 


1  ounce 


FERROCYANIDE  COLOURS . 


Five  per  cent,  solution  of 

ferric  ammonium  citrate  i  ounce 
Five  per  cent,  nitric  acid 

solution  . .  . .  i  „ 

Water  . .  . .  to  io  ounces 

The  above  bath  can  be  diluted  with  water 
if  it  be  found  to  work  too  quickly.  When 
the  desired  tone  is  obtained,  the  print  is 
well  washed  in  running  water  until  the  whites 
are  clear.  As  a  rule,  prints  toned  with  this 
bath  should  be  washed  for  about  twenty 
minutes.  The  use  of  the  ferric  ferricyanide 
bath  as  a  cure  for  rusty  prints  has  been 
suggested. 

By  combining  the  iron  and  the  uranium 
baths,  green  tones  may  be  obtained.  The 
following  can  be  tried  : 

Potassium  ferricyanide . .  45  grains 

Concentrated  nitric  acid  24  minims 
Ferric  ammonium  citrate  22  grains 

Uranium  nitrate  22  „ 

Water  . .  . .  to  10  ounces 

or  in  case  of  stock  solutions  being  employed  : 
Ten  per  cent,  solution  of 

potassium  ferricyanide  1  ounce 
Five  per  cent,  solution  of 
nitric  acid  (concen¬ 
trated)  . .  . .  1  „ 
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Five  per  cent,  solution  of 

uranium  nitrate  . .  i  ounce 
Five  per  cent,  solution  of 

ferric  ammonium  citrate  i  „ 

Water  . .  . .  to  io  ounces 

The  proportions  of  the  iron  and  uranium 
salts  can  be  somewhat  altered  to  suit  the 
tone,  and  the  bath  can  be  somewhat  diluted 
if  desired.  The  washing  after  this  bath  must 
not  be  prolonged,  but  must  be  carried  out 
as  recommended  for  a  uranium- toned  print. 
Another  method  of  obtaining  green  tones  is 
first  to  tone  a  print  red  in  the  uranium  bath, 
and  then  to  treat  it  with  : 

Ferric  chloride  . .  . .  io  grains 

Hydrochloric  acid  (con¬ 
centrated)  . .  . .  io  minims 

Water  . .  . .  to  io  ounces 

After  this  treatment,  it  is  washed  at  first 
in  two  or  three  changes  of  dilute  hydrochloric 
acid  (about  0.5  per  cent.),  and  then  in  three 
or  four  changes  of  water. 

Another  method  of  obtaining  green  tones 
is  to  tone  the  print  slightly  blue  in  the  iron 
bath,  and  then  after  washing  to  immerse 
in  a  solution  of  chromic  acid  about  one  per 
cent,  strength  (four  and  a  half  grains  to  the 
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ounce).  The  method  requires  a  considerable 
degree  of  skill  to  enable  one  to  judge  accu¬ 
rately  the  right  depth  of  (silver)  image  to 
be  obtained  originally  and  the  right  point  at 
which  to  stop  the  iron  toning.  The  green 
colour  is  probably  produced  by  a  combination 
of  the  blue  ferric  ferrocyanide  and  yellowish 
silver  chromate  formed  by  the  action  of  the 
chromic  acid  on  the  unaltered  silver  image. 
After  the  chromic  acid  bath, the  print  is  washed 
for  about  a  quarter  of  an  hour  in  running 
water.  If,  however,  it  be  found  that  the 
chromic  acid  cannot  be  washed  out  in  this 
time,  the  print  should  be  immersed  for  a 
few  minutes  in  a  saturated  solution  of  alum 
before  being  washed  in  water. 

By  toning  first  in  the  iron  bath  to  a  blue 
tone,  and  then,  after  washing,  in  the  copper, 
violet  tones  can  be  obtained. 

Of  late  a  certain  number  of  facts  have 
been  brought  to  light,  which  seem  to  show 
that  the  previous  treatment — development 
chiefly — has  a  good  deal  of  influence  on  the 
subsequent  toning  by  ferricyanide  and  other 
methods.  The  toning  properties  of  the 
different  brands  of  paper  have  also  been 
recognised  as  often  being  to  some  extent 
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different.  It  is  too  early  as  yet  to  say  any¬ 
thing  very  definite  on  this  subject.  Amidol 
appears  to  be  the  developer  best  suited  for 
prints  when  toning  is  going  to  be  carried  out 
afterwards.  However,  it  has  been  stated 
that  in  the  case  of  uranium  toning,  the 
previous  employment  of  amidol  tends  to 
produce  stains,  although  there  is  even  in 
this  case  testimony  in  its  favour.  I  myself 
have  never  found  amidol  specially  liable  to 
give  stained  whites  with  uranium  toning ; 
but  those  who  have  been  troubled  in  this 
way  may  perhaps  find  it  to  their  advantage 
to  try  a  developer  made  up  with  hydro- 
quinone  alone,  as  I  have  seen  it  stated  that 
such  a  developer  is  the  most  suitable  one 
to  precede  uranium  toning. 

With  the  uranium  bath  and  some  others, 
parts  of  the  image  will  sometimes  take  the 
toning  deposits  more  slowly  than  other  parts, 
and  so  unevenness  of  tone  will  be  produced 
unless  the  action  is  allowed  to  go  to  the  full 
extent.  A  remedy  which  has  been  recom¬ 
mended,  and  one  that  is  at  all  events  very 
often  efficacious,  is  to  bleach  the  image  to 
the  chloride,  and  then  to  redevelop.  The 
metol  redeveloper  given  in  a  previous  chapter 
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may  be  used ;  but  ferrous  citrate  seems  to 
be  the  best  under  these  circumstances. 

Perhaps  the  best  method  of  ferricyanide 
toning  would  be  one  similar  to  that  advo¬ 
cated  by  Le  Mee  for  gold  toning,  as  described 
in  the  previous  chapter.  Such  a  method 
would  naturally  be  elaborate  and  somewhat 
laborious  ;  but  it  might  enable  more  dilute 
solutions  of  the  ferricyanides  to  be  used 
than  is  ordinarily  the  case  without  prolonging 
the  time  of  toning,  and  so  might  tend  to 
the  avoidance  of  all  stains. 
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V.— SULPHURETTING  THE  SILVER 

IMAGE.  A. — Direct  Methods. 

TTT  is  now  I  think  generally  admitted  that 
^  the  best  methods  of  obtaining  brown  tones 
are  those  in  which  the  silver  image  is 
converted  into  one  of  silver  sulphide.  As 
Sir  W.  Abney  has  pointed  out  in  this  con¬ 
nection,  silver  sulphide  is  about  as  per¬ 
manent  a  compound  as  can  exist  ;  and  an 
image  composed  of  this  substance  must  be 
regarded  as  a  very  permanent  one.  I  believe 
that  a  sulphuretted  print  is  possessed  of 
somewhat  better  lasting  properties  than  one 
having  a  plainly  developed  silver  image 
upon  it. 

An  image  consisting  of  pure  silver  pos¬ 
sesses,  when  its  production  has  in  all  respects 
been  properly  carried  out,  excellent  keeping 
qualities.  We  all  know,  however,  that  silver 
tarnishes  in  the  presence  of  sulphides  ;  and, 
of  course,  silver  sulphide,  to  the  formation 
of  which  the  tarnishing  is  due,  does  not. 
Silver  ornaments  and  plate  become  tar¬ 
nished,  especially  under  damp  atmospheric 
conditions,  by  prolonged  exposure  to  the 


62 


SULPHURETTING  THE  SILVER  IMAGE. 


traces  of  sulphuretted  hydrogen  in  the  air, 
and  the  silver  image  of  a  print  must  to  some 
extent  share  the  same  fate.  By  this  I  do 
not  mean  to  imply  that  the  silver  image  of 
modern  bromide  papers  is  readily  attacked 
by  the  atmospheric  sulphuretted  hydrogen. 
Fortunately,  the  very  reverse  is  the  case, 
as  will  be  seen  presently,  and  this  fact  must 
be  accounted  to  the  bromide  process  for 
excellence. 

Besides  the  presence  of  traces  of  sul¬ 
phuretted  hydrogen  in  the  atmosphere, 
another  cause  of  the  slow  deterioration  of 
silver  prints  due  to  the  action  of  hydrogen 
sulphide  is  the  decomposition  of  the  emulsion 
vehicle  when  that  vehicle,  as  is  the  case  with 
gelatine  or  albumen,  contains  sulphur. 

However,  these  are  very  slowly-acting 
causes  of  fading,  as  is  also  the  gradual 
failing  of  the  actual  paper  on  which  the 
emulsion  is  spread,  to  which,  of  course,  all 
prints  are  liable. 

When  prints  possessed  of  a  pure  silver 
image  or  one  of  silver  and  gold  or  platinum 
fade  and  deteriorate  quickly,  i.e.,  at  the  end 
of  a  very  few  years,  it  may  be  taken  as 
certain  that  the  cause  of  such  fading  is  the 
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presence  of  chemical  impurities — generally 
traces  of  hypo  not  completely  eliminated 
after  fixing.  Any  trace  of  hypo  not  washed 
out,  in  so  far  as  it  may  cause  sulphur ation 
of  the  image,  will  affect  a  plain  silver  image, 
but  not  one  of  silver  sulphide  ;  but,  in  so 
far  as  it  may  lead  to  the  staining  and  general 
deterioration  of  the  emulsion  vehicle  or  paper 
support,  it  will  equally  affect  all  kinds  of 
prints. 

The  practical  methods  of  sulphuretting 
a  silver  image  may  be  considered  under 
two  heads  : 

(I.)  Direct  Methods. 

(II.)  Indirect  Methods. 

The  direct  methods  consist  of  treating  the 
print  with  a  solution  which  converts  the 
silver  image  directly  into  one  consisting  of 
silver  sulphide.  Sir  W.  Abney  suggested 
some  years  ago  that  bromide  prints  should 
be  treated  with  a  solution  of  a  soluble  and 
suitable  metallic  sulphide,  or  of  sulphuretted 
hydrogen. 

The  method  was  suggested,  I  believe, 
chiefly  at  all  events,  for  the  purpose  of 
obtaining  warm  blacks  rather  than  brown 
tones.  With  some  of  the  slower  bromide 
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papers  and  with  gaslight  papers  the  method 
may  still  prove  useful  for  producing  warm 
blacks.  With  no  brand  of  gaslight  or  bromide 
paper  is  it  suitable  for  the  production  of 
really  warm  tones.  With  the  majority  of  the 
brands  of  bromide  paper  at  present  on  the 
market,  it  is  not  suitable  even  for  the  produc¬ 
tion  of  warm  blacks,  as  the  action  of  the 
sulphuretting  solution  is  so  very  slow.  This 
is  a  very  interesting  fact,  as  bearing  on  the 
question  of  the  stability  of  the  bromide  print. 

The  only  direct  sulphuretting  solution 
which  is  at  the  present  time  commonly 
employed  is  one  containing  a  mixture  of 
hypo  and  alum.  If  alum  be  added  to  a 
solution  of  hypo,  a  white  precipitate  is  slowly 
thrown  down.  This  precipitate  will  vary 
according  to  temperature,  and  also  according 
to  the  time  which  has  elapsed  after  the 
mixture  was  made.  At  first  it  consists  of 
sulphur  and  aluminium  hydrate  in  something 
like  equal  proportions,  but  after  a  time  the 
sulphur  greatly  preponderates.  The  toning 
process  can  be  looked  upon  as  due  to  the 
agency  of  nascent  sulphur. 

Different  workers  use  somewhat  different 
formulae.  The  following  is  of  about  the  com- 
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position  usually  employed  : 

Hypo  . .  . .  . .  ij  ounces 

Alum  . .  . .  . .  70  grains 

Water  . .  . .  to  10  ounces 

Dr.  Baekeland,  by  whom,  I  believe,  the 
bath  was  in  the  first  instance  suggested, 
and  to  whom  most  of  the  exact  knowledge 
we  possess  about  its  properties  is  due,  recom¬ 
mends  a  somewhat  stronger  solution  : 

Hypo  . .  . .  . .  2  ounces 

Alum  . .  . .  . .  200  grains 

Water  . .  . .  to  10  ounces 

In  making  up  such  solutions  as  the  above, 
it  is  best  to  dissolve  the  hypo  in  water  first, 
and  then  slowly  to  add  the  alum,  stirring 
during  the  operation.  The  solution  is  then 
put  into  a  bottle  and  allowed  to  stand  for 
about  two  or  three  days  at  least.  It  is  then 
heated  up  to  about  130 0  F.  with  some  old 
and  useless  prints,  or  else  with  the  addition 
of  a  very  small  quantity  of  silver  nitrate. 
The  solution  should  remain  at  about  130 0  F. 
for  an  hour  or  so,  and  then  after  cooling  it 
is  ready  for  use. 

This  last  proceeding  is  known  as  “  ripen¬ 
ing  ”  the  bath,  and  it  must  not  be  omitted. 
The  above  process  can  only  be  considered  as 
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a  minimum  of  what  ought  to  be  done  in  this 
respect. 

The  quickest  results  are  obtained  by 
employing  the  bath  at  as  high  a  temperature 
as  the  film  of  the  paper  will  stand — generally 
about  120°  F.  ;  but  it  is  now  generally 
admitted  that  better  results  can  be  obtained 
at  a  lower  temperature.  I  do  not  think  the 
temperature  of  the  bath  should  exceed  8o°  F. 
to  90 °  F.,  and  many  people  prefer  to  use  it 
at  ordinary  atmospheric  temperatures. 

The  time  of  toning  will  vary  with  the  brand 
of  paper  used,  the  previous  history  of  the 
print  (method  of  development,  etc.),  and 
the  temperature  of  the  bath  ;  it  may  be  less 
than  half  an  hour,  and  more  than  three 
days.  It  is  generally  admitted  that,  other 
things  remaining  the  same,  prints  which 
have  previously  been  developed  with  an 
amidol  developer  tone  more  readily  than  any 
others. 

If  the  bath  is  used  at  temperatures  above 
the  ordinary  temperature  of  the  atmosphere, 
the  print  before  immersion  therein  should 
receive  an  alum  bath.  In  this  case,  the  print 
should  be  washed  between  fixing  and  alum, 
and  again  for  a  short  time  after  the  alum. 
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It  is  best  not  to  put  the  print  straight  into 
the  hot  solution,  but  slowly  to  raise  the  tem¬ 
perature  of  the  bath  to  the  required  point 
after  the  print  is  in.  After  toning  is  com¬ 
plete,  the  print  is  taken  out  of  the  bath,  and 
if  this  is  hot,  allowed  to  cool  on  the  hand 
for  a  minute  or  so,  and  is  then  washed  in 
running  water.  It  is  best  at  this  stage  to 
wipe  over  the  surface  of  the  print  very 
gently  with  a  little  pad  of  cotton- wool. 

The  heating,  if  a  hot  bath  is  employed, 
must  be  so  carried  out  as  to  produce  no 
unevenness  of  temperature  in  the  bath.  The 
ideal  method  is  to  have  the  toning  dish 
supported  inside  another  dish  without  touch¬ 
ing  the  bottom  of  that  dish.  This  outer  dish 
contains  water,  heated  by  a  gas  flame  or  other 
suitable  means  to  the  required  temperature. 
Rougher  methods,  however,  can  be  made  to 
do  very  well  if  care  be  taken  in  regulating 
the  source  of  heat. 

The  result  obtained  will  vary  with  the 
original  silver  image.  For  fine  dark  brown 
tones,  it  is  necessary  that  the  original  silver 
image  should  be  decidedly  too  heavy  and 
dark  for  a  black  print.  This  is  not  enough, 
however,  to  ensure  success.  The  bath  must 
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be  thoroughly  “  ripe.”  The  chief  condition 
for  ripeness  is  that  the  bath  should  contain 
sufficient  silver  ;  probably  also  long  keeping 
contributes  to  this  result.  A  quite  new  and 
unripened  bath  will  reduce  the  prints  con¬ 
siderably  and  tend  to  dissolve  the  half-tones, 
and  will,  moreover,  only  yield  yellowish 
brown  tones.  It  has  been  pretty  well  ascer¬ 
tained  also  that  the  brand  of  the  paper 
and  the  previous  history  of  the  print  make 
a  considerable  difference  to  the  tone  as  well 
as  to  the  time  of  toning. 

Dr.  Baekeland  has  recently  pointed  out 
that  there  is  a  danger  to  be  reckoned  with 
of  the  bath  containing  too  much  silver. 
When  this  occurs,  the  gelatine  film  of  the 
print  takes  up  some  silver.  Dr.  Baekeland 
has  named  this  “  retained  silver,”  and  he 
states  that  he  cannot  accurately  determine 
in  what  form  this  silver  exists  in  the  film. 
He  finds  that  any  retained  silver  may  easily 
be  detected  after  the  print  is  washed  and 
dried  by  touching  the  surface  of  the  film  on 
the  white  portion  of  the  image  with  a  drop 
of  the  solution  of  a  soluble  sulphide.  A  dark 
mark  of  silver  sulphide  is  produced  where 
this  solution  acts. 
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SULPHURETTING  THE  SILVER  IMAGE. 

B. — Indirect  Methods. 

It  is  much  better,  in  my  opinion,  not  to 
use  the  direct  hypo-alum  sulphuretting  solu¬ 
tion,  but  to  rely  entirely  on  the  following 
indirect  method.  It  is  called  indirect,  because 
the  silver  image  is  first  converted  into  one 
consisting  of  a  silver  haloid  or  of  silver  ferro- 
cyanide,  and  then  these  easily  sulphuretted 
bodies  are  converted  into  silver  sulphide  by 
treating  the  print  with  the  solution  of  a 
soluble  and  suitable  sulphide. 

The  method  is  far  quicker  and  simpler 
to  carry  out  than  the  hypo-alum  method, 
and  splendid  dark  brown  tones  can  always 
be  obtained  easily  and  readily  by  its  means, 
whereas  the  stage  of  ripeness  of  the  hypo- 
alum  bath  must  be  exactly  right  for  this 
bath  to  yield  their  equal,  even  if  it  can  ever 
do  so.  Probably  the  results  obtained  by 
each  are  both  equally  permanent,  but  there 
is  this  to  be  said  :  The  effect  of  the  deposit 
of  sulphur  which  takes  place  in  the  hypo- 
alum  bath  during  toning  may  injuriously 
affect  prints  toned  in  this  way — the  question 
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is  not  by  any  means  clear.  Also  there  is 
the  danger  of  retained  silver,  which  has 
just  been  mentioned,  awaiting  the  users  of 
the  ripest  and  best  working  baths. 

The  conversion  of  the  silver  image  into 
one  of  a  silver  haloid  or  of  silver  ferrocyanide 
is  usually  referred  to  as  “  bleaching  ”  the 
image.  There  are  many  solutions  available 
for  this  purpose.  From  a  purely  chemical 
point  of  view,  the  best  bleaching  solutions 
to  use  are  solutions  of  iodine,  bromine,  or 
chlorine  in  water — in  the  first  case  potassium 
iodide  and  in  the  second  potassium  bromide 
being  added  to  promote  solution.  The 
chlorine  and  bromine  solutions  are  not  at 
all  suitable  for  use,  owing  to  the  obnoxious 
vapours  evolved.  Iodine  dissolved  in  potas¬ 
sium  iodide  solution  is  a  most  excellent 
bleaching  solution.  It  is,  in  my  opinion, 
when  all  things  are  considered,  by  far  the 
best  bleaching  solution  for  subsequent 
sulphuration. 

The  following  is  a  solution  of  suitable 
strength  : 

Iodine  .  .  .  .  40  to  45  grains 

Potassium  iodide  . .  no  „ 

Water  . .  .  .  to  10  ounces 


71 


SULPHURETTING  THE  SILVER  IMAGE. 


The  best  way  to  make  up  the  solution  is 
first  to  dissolve  the  potassium  iodide  in  about 
a  fifth  of  the  right  amount  of  water,  and  then 
to  add  the  iodine  ;  and  when  this  has  dis¬ 
solved  to  make  up  with  water  to  the  proper 
volume.  A  considerable  quantity  of  the 
iodine  solution  should  be  made  up  at  a  time 
and  stored  in  a  large  stoppered  bottle.  After 
using  some  of  this  solution,  it  should  be 
poured  back  into  the  stock  bottle.  As  the 
iodine  solution  becomes  weakened  by  use, 
it  should  be  replenished  by  the  addition  of 
solid  iodine.  By  titrating  some  iodine  solu¬ 
tion  with  a  solution  of  sodium  thiosulphate 
of  known  strength  before  and  after  use,  I 
have  ascertained  that  the  cost  of  the  iodina- 
tion  of  a  I2in.  x  ioin.  print  is  about  one 
farthing. 

The  print  before  being  immersed  in  the 
iodine  or  any  other  bleaching  solution  must 
be  freed  from  hypo  by  thorough  washing, 
and  if  it  has  been  dried  should  be  soaked 
in  water  till  quite  limp.  In  every  case  in 
which  I  have  used  the  above  iodine  solution, 
complete  bleaching  has  taken  place  in  less 
than  five  minutes. 

A  point  which  may  be  noted  about  the 
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iodine  bath  is  the  effect  it  will  have  on  any 
traces  of  hypo  which  may  have  remained  in 
the  fabric  of  the  paper  from  the  fixing  bath. 
The  result  of  the  action  between  iodine  and 
sodium  thiosulphate  (hypo)  is  that  sodium 
iodide  and  sodium  tetrathionate  are  formed. 
The  sodium  tetrathionate  is  probably  quite 
as  objectionable  a  compound  as  hypo  itself  ; 
but  still  the  disturbance  caused  by  the 
reaction,  there  is  good  reason  for  believing, 
will  aid  in  its  elimination  in  the  washing. 

When  the  action  of  the  iodine  solution  is 
complete,  the  image  will  appear  pale  yellow 
against  a  very  deep  blue  ground.  The  blue 
colour  is  due  to  an  addition  compound 
formed  by  the  iodine  with  the  starchy  con¬ 
stituents  of  the  paper. 

The  next  operation  is  to  transfer  the  print 
straight  from  the  iodine  bath  into  a  solution 
of  sulphurous  acid.  The  following  will  serve  : 
Sodium  sulphite 

(NazSC^thO). .  60  grains 

Sulphuric  acid  (concen¬ 
trated)  . .  . .  18  minims 

Water  . .  . .  to  io  ounces 

The  print  is  left  in  this  bath  until  the  blue 
colour  has  been  entirely  destroyed,  which  is 


73 


SULPHURETTING  THE  SILVER  IMAGE . 


very  speedily  accomplished.  If  it  is  now 
found  that  the  bleaching  has  not  been  com¬ 
plete,  the  print  is  well  rinsed,  and  is  then 
put  back  into  the  iodine  solution  and  left 
for  a  little  time  longer.  It  is  then  again 
treated  with  the  sulphurous  acid  bath. 

After  treatment  with  sulphurous  acid,  the 
print  is  washed  in  running  water,  and  is 
then  ready  for  sulphuration.  In  the  case 
of  a  print  treated  as  described  above,  the 
washing  in  water  between  bleaching,  or 
rather  between  clearing  and  sulphuration,  need 
not  be  long.  The  object  of  the  washing  is 
to  eliminate  the  sulphurous  acid,  and  this 
is  soon  accomplished. 

When  dealing  with  large  prints,  and  a 
considerable  number  of  them  at  the  same 
time,  the  fact  that  the  inter-process  washing 
in  the  case  of  the  iodine  bleacher  is  so  readily 
and  speedily  carried  out  will  be  found  a  great 
practical  convenience. 

Before  describing  the  sulphuretting  opera¬ 
tion,  it  will  be  convenient  to  consider  some 
alternatives  to  the  bleaching  process  just 
described.  Instead  of  using  sulphurous  acid 
to  discharge  the  blue  colour  caused  by  the 
iodine,  sodium  sulphite  may  be  used.  Its 
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use  is  not  to  be  recommended,  however,  as 
it  affects  both  the  colour  and  depth  of  the 
resulting  image,  although  this  effect,  which 
varies  with  the  print  and  other  circumstances, 
is  sometimes  so  slight  as  not  to  be  apparent. 
The  cause  of  this  phenomenon  will  be  con* 
sidered  later.  Potassium  metabisulphite  may 
be  used,  and  the  effect  on  the  image  is  very 
slight  indeed,  even  if  there  is  any  at  all* 
Sulphurous  acid  has  no  effect  certainly.  If 
sodium  sulphite  is  used,  its  solution  should 
not  exceed  five  per  cent,  in  strength,  and 
with  all  but  the  thickest  papers  two  per  cent, 
is  sufficient.  In  this  case,  washing  between 
clearing  and  sulphur etting  is  unnecessary. 

In  place  of  iodine,  a  good  many  solutions 
can  be  used  for  bleaching.  Whatever  is 
employed,  the  bleaching  must  be  either  quite 
even  in  depth  all  over  the  print,  or  else  must 
be  of  such  a  depth  all  over  the  print  that 
any  further  bleaching  will  make  no  difference 
to  the  tone.  Provided  that  the  latter  of 
these  two  conditions  is  complied  with,  abso¬ 
lute  completeness  of  bleaching  need  not  be 
insisted  on  ;  but,  of  course,  it  is  much  easier 
to  tell  when  bleaching  is  complete  than  when 
it  is  sufficient,  but  still  incomplete.  With 
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regard  to  the  first  condition,  this  can  very 
often  be  obtained,  even  when  the  bleaching 
has  only  to  be  carried  to  a  slight  degree 
all  over  the  print ;  but  unless  one  is  pre¬ 
pared  to  spoil  a  fair  number  of  prints,  slight 
bleaching  had  better  be  left  alone.  Slight 
bleaching  followed  by  sulphuration  gives 
darker  tones  than  more  complete  bleaching 
will,  and  certainly  this  is  desirable  in  some 
cases.  A  safer  method  than  slight  bleaching 
to  employ  for  obtaining  darker  tones  will  be 
described  in  the  next  chapter. 

Any  of  the  following  solutions  will  be  found 
to  carry  bleaching  to  a  safe  extent  all  over 
the  print  in  about  five  minutes,  and  some¬ 
times  in  less. 

A.  Potassium  bichromate  .  .  90  grains 

Sulphuric  acid  (concen¬ 
trated)  ..200  to  400  minims 

Sodium  chloride  . .  1  ounce 

Water  . .  .  .  to  10  ounces 

This  is  the  next  best  bleacher  to  the  iodine 
solution.  After  its  use  the  prints  must  be 
thoroughly  washed  in  running  water  before 
sulphuration — washed  till  no  yellow  colour 
remains  in  the  gelatine  film.  Washing  in 
running  water  alone  is  sufficient  ;  but  should 
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this  be  found  to  take  too  long,  an  alum  bath 
immediately  after  bleaching  will  expedite 
matters.  Where  cream  crayon  papers  are 
being  dealt  with,  the  sulphuric  acid  had 
better  not  be  increased  beyond  200  minims 
in  the  above  formula.  The  more  sulphuric 
acid  present  the  more  rapid  the  bleaching. 
200  minims  is  always  sufficient,  but  this 
quantity  can  be  doubled  if  preferred.  For 
slight  bleaching,  this  bath  should  be  used 
diluted  to  about  one-sixth  of  the  above  con¬ 
centration.  This  is  the  best  solution  for 
attempting  slight  bleaching. 

Potassium  bromide  can  be  substituted  for 
sodium  chloride  in  the  above  formula,  using 
rather  less.  Such  a  solution,  however,  keeps 
badly — free  bromine,  which  is  objectionable, 
being  soon  formed.  Of  course,  with  free 
bromine  present,  the  solution  is  a  splendid 
bleacher  from  a  chemical  point  of  view.  The 
chloride  solution  keeps  very  well  for  some 
months,  and  it  should  be  stored  in  a  bottle 
and  used  over  and  over  again  while  it  remains 
in  good  working  condition. 

B.  Potassium  ferricyanide . .  140  grains 
Ammonium  bromide  . .  180  „ 

Water  . .  . .  to  10  ounces 
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Potassium  ferricyanide  is  itself  a  very  slow 
and  unsatisfactory  bleacher,  but  the  addition 
of  an  ammonium  salt  makes  a  lot  of  differ¬ 
ence.  The  above  solution  will  keep  fairly 
well,  especially  in  the  dark,  and  it  should  be 
stored  and  used  as  described  for  the  bichro¬ 
mate  bleacher. 

Washing  after  its  use  should  be  carried 
out  in  running  water  until  all  the  yellow 
ferricyanide  colour  is  removed  before  sul¬ 
phur  etting. 

C.  Ferric  chloride  ..  ..  90  grains 

Hydrochloric  acid  (con¬ 
centrated)  .  .  .  .  20  minims 

Potassium  bromide  .  .  200  grains 
Water  .  .  .  .  to  10  ounces 

This  is,  of  course,  a  ferric  bromide  (and 
not  chloride)  bleacher,  and  yields  silver 
bromide.  After  this  bath,  the  prints  will 
require  to  be  washed  in  three  or  four  changes 
of  dilute  sulphuric  or  hydrochloric  acid 
before  being  washed  in  water,  and  this  is  a 
considerable  objection  to  its  use.  If  the 
acid  treatment  is  not  carried  out,  basic 
ferric  salts  are  formed  in  the  paper  and  film 
on  washing  in  water. 

Besides  the  above  solutions,  two  others 
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perhaps  ought  to  be  mentioned,  which  have 
been  suggested  as  means  of  converting  a 
silver  image  into  one  of  ^silver  chloride  or 
bromide  for  both  development  and  sulphura- 
tion,  viz.,  cupric  bromide  and  cupric  chloride. 
Suitable  solutions  can  be  made  by  dissolving 
half  an  ounce  of  copper  sulphate  in  ten  ounces 
of  water  and  adding  just  a  little  sulphuric 
acid  so  as  to  form  a  clear  solution,  adding 
after  this  half  an  ounce  of  potassium  bro¬ 
mide  or  of  sodium  chloride,  as  the  case  may 
be.  Silver  chloride  and  bromide  are  not 
formed  by  these  solutions,  but  a  mixture  of 
silver  haloid  with  the  sub-haloid  of  copper 
is  the  result.  Of  course,  the  sub-haloids  of 
copper  are  easily  oxidised  during  the  subse¬ 
quent  washing,  and  partially  washed  out ; 
but  for  complete  oxidation  it  is  necessary  to 
wash  a  bromide  print  brominated  in  this  way 
for  an  hour  or  so.  The  long  washing  which 
is  necessary  after  their  employment  makes 
these  copper  bleachers  most  inconvenient 
solutions  to  use  where  one  wishes  to  have  no 
copper  compound  left  in  the  print  before 
sulphuration. 

A  small  quantity  of  copper  sulphide  in 
the  image  will  not  appreciably  affect  the 
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permanence  of  the  resulting  print,  although 
copper  sulphide  is  not  under  ordinary  con¬ 
ditions  as  permanent  a  compound  as  silver 
sulphide.  The  presence  of  copper  sulphide, 
however,  introduces  some  uncertainty ;  its 
actual  quantity  will  vary  with  the  exact 
conditions  prevailing  during  washing  and 
with  the  time  washing  is  continued. 

A  practical  and  convenient  method  of 
using  the  copper  bleachers,  but  which  will 
not  eliminate  all  the  copper,  is  to  wash  in 
running  water  for  about  ten  minutes  or  a 
quarter  of  an  hour  after  bleaching,  then  to 
immerse  for  a  few  minutes  in  a  dilute  solution 
of  nitric,  sulphuric,  or  hydrochloric  acid — 
about  one  per  cent,  is  a  suitable  concentra¬ 
tion — and  then  after  not  more  than  five  or 
six  minutes,  further  washing  in  water  to 
sulphuret  the  prints.  The  reason  why  the 
acid  is  used  is  to  dissolve  any  basic  insoluble 
cupric  salts  formed  either  from  the  cupric 
bromide  or  chloride  solution  carried  over  into 
the  washing  water  with  the  print,  or  from  the 
oxidation  of  the  copper  sub-haloid  of  the 
image.  The  reason  why  the  second  washing 
must  be  of  limited  duration  is  that  it  must 
not  be  prolonged  sufficiently  to  form  any 
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appreciable  quantity  of  basic  cupric  salts  by 
oxidising  the  remaining  sub-haloid  in  the 
image,  as  if  this  happens  the  whites  will 
be  stained. 

The  visible  effect  of  the  copper  left  in  the 
image  on  sulphuration  is  that  the  tone  pro¬ 
duced  is  a  slightly  warmer  brown  than 
would  otherwise  be  the  case. 

Where  the  print  is  bleached  for  subsequent 
development,  the  copper  bleachers  should 
certainly  not  be  used,  for  we  most  assuredly 
do  not  want  to  get  any  metallic  copper 
mixed  with  the  silver  of  the  image,  as  metallic 
copper  is  by  no  means  a  permanent  substance. 

Now  to  consider  the  sulphuretting  bath. 
The  reagents  which  were  at  first  employed 
for  sulphuretting  the  bleached  prints  are  : 
(i.)  Sulphuretted  hydrogen. 

(2.)  Ammonium  sulphide. 

(3.)  Yellow  ammonium  sulphide. 

(4.)  Potassium  sulphurata  B.P. 
Sulphuretted  hydrogen  is  excellent  from  the 
actual  toning  or  chemical  point  of  view, 
but  its  odour  is  exceedingly  objectionable, 
and  necessitates  the  operation  of  sulphuret¬ 
ting  being  conducted  out  of  doors.  Sul¬ 
phuretted  hydrogen  gas  escaping  into  the  air 
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of  a  room  will  not  only  pervade  the  whole 
house  with  its  most  offensive  odour,  but 
will  tarnish  any  silver  plate,  brasswork,  or 
similar  things,  and  will  injure  any  photo¬ 
graphic  plates  or  silver  printing  papers  with 
which  it  may  happen  to  come  in  contact. 
The  same  objection,  but  to  a  somewhat  less 
degree,  applies  to  ammonium  sulphide  and 
yellow  ammonium  sulphide,  as  both  these 
solutions  evolve  sulphuretted  hydrogen. 
Potassium  sulphurata  B.P.  contains  hypo — 
a  fatal  objection  to  its  use. 

The  sulphides  of  the  alkaline  earth  metals 
do  not  offer  very  much  help  to  the  photo¬ 
grapher  in  the  indirect  sulphuretting  process. 
The  monosulphides  are  the  only  sulphides  of 
these  metals  at  present  on  the  market. 
Calcium  monosulphide  is  not  sufficiently 
soluble  in  water  to  be  used  for  sulphuretting 
purposes.  Strontium  monosulphide  is  better, 
but  of  little  or  no  practical  value.  Barium 
monosulphide  is  much  the  best  of  the  three, 
and  the  only  one  to  which  a  trial  need  be 
given.  In  making  a  sulphuretting  solution 
from  barium  monosulphide,  one  should  shake 
up  one  part  of  the  sulphide  with  three  hun¬ 
dred  parts  of  water  for  a  few  minutes,  and 
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then,  after  allowing  any  sediment  to  settle, 
should  pour  off  the  clear  solution.  The 
solution  of  barium  sulphide  is  considerably 
hydrolysed,  and  so  somewhat  more  odori¬ 
ferous  than  that  of  sodium  or  potassium  sul¬ 
phide.  It  is  quite  a  good  sulphuretting 
reagent,  however.  As  has  just  been  said, 
the  higher  sulphides  of  the  alkaline  earth 
metals  are  not  on  the  market,  and  besides 
being  troublesome  to  make  offer  no  particular 
advantages  for  sulphuretting  purposes. 

By  far  the  best  sulphuretting  agents 
that  are  available  for  use  are  the  pure  mono¬ 
sulphides  of  sodium  and  potassium.  Sul¬ 
phuretting  with  these  substances  is  speedy, 
even  with  very  dilute  solutions,  and  their 
use  is  attended  by  an  almost  complete 
absence  of  any  unpleasant  odour.  At  the 
present  time  there  are  on  the  market — 

(i .)  Fused  potassium  monosulphide(K2  S) 
(2.)  Fused  sodium  monosulphide  (Na2S) 
(3-)  Crystalline  sodium  monosulphide 
(Na2S.9H20). 

(4.)  Crystalline  sodium  monosulphide 
purified  for  analysis  (Na^.gtLO). 

It  is  the  last  of  these  substances  which  is 
recommended  for  toning  purposes.  It  is  the 
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purest  form  of  alkaline  sulphide  which  can  at 
present  be  obtained. 

The  samples  of  fused  potassium  and 
sodium  monosulphide  which  I  have  tested 
have  all  contained  iron  and  a  certain  quantity 
of  the  polysulphides  of  potassium  or  sodium. 
On  dissolving  these  substances  in  water, 
green  solutions  are  formed.  The  green  colour 
is  due  to  the  presence  of  a  double  sulphide 
of  iron  with  sodium  or  potassium  sulphide 
in  the  solution.  On  allowing  the  solution 
to  stand  for  some  time,  or  on  boiling  it,  the 
iron  is  precipitated,  and  a  yellow  solution 
is  formed  in  either  case.  The  yellow  colour 
is  due  to  small  quantities  of  the  polysul¬ 
phides  of  the  metal.  The  presence  of  the 
polysulphides  is  of  itself  quite  innocuous. 

With  one  sample  of  fused  sodium  sulphide 
which  I  tested,  I  did  not  get  good  toning 
results.  The  prints  toned  with  it  were  more 
reduced  in  density  than  they  ought  to  have 
been,  and  the  tones  obtained  were  rather 
yellow.  No  doubt,  in  this  case  sodium  thio¬ 
sulphate  was  present.  The  only  absolutely 
safe  course  it  appears  to  me  is  always  to  use 
the  analytical  reagent  Na2S.qH2  0.  This  sub- 
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stance  is  not,  as  its  name  would  imply, 
absolutely  pure  ;  but  its  only  impurity  is 
iron,  which  can  easily  be  removed.  After 
getting  rid  of  the  iron,  the  solution  should 
be  quite  clear. 

Slight  yellowness  in  the  case  of  a  strong 
solution  will  very  likely  not  matter.  It  is 
due  to  a  small  quantity  of  polysulphide. 
It  shows,  however,  that  the  sample  obtained 
is  not  of  the  very  best  quality,  and  there 
may  possibly  be  a  danger  of  thiosulphate 
contamination.  When  sulphur  is  fused  with 
potash  or  soda,  some  thiosulphate  is  formed  ; 
and  during  the  manufacture  of  sodium  or 
potassium  sulphide,  such  a  reaction  is  very 
likely  to  occur  if  fusion  is  carried  out. 

With  any  form  of  sodium  or  potassium 
monosulphide,  the  solution  as  at  first  formed 
will  be  found  to  contain  iron,  and  this  iron 
should  be  got  rid  of  before  toning  operations 
are  commenced.  The  following  is  the  best 
and  most  convenient  way  of  making  up  the 
sulphuretting  bath.  Sodium  monosulphide 
crystals,  pqrified  for  analysis,  are  used,  and 
of  these  three  ounces  are  taken  and  dissolved 
in  about  threequarters  of  a  pint  of  water. 
The  solution  at  first  formed  is  greenish, 
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owing  to  the  iron  present.  The  iron  is  present 
in  varying  amounts  in  different  samples  and 
in  different  crystals  in  each  sample,  but  some 
is  always  present. 

If  this  solution  is  allowed  to  stand  for  three 
or  four  days,  all  the  iron  will  be  precipitated 
as  a  black  precipitate  of  ferrous  sulphide. 
The  solution  may  be  boiled  for  about 
ten  minutes  in  a  glass  beaker  and  then 
filtered,  when  all  the  iron  is  precipitated 
and  left  on  the  filter  paper  as  ferrous  sul¬ 
phide.  After  the  solution  is  cool,  it  is  made 
up  to  twenty-five  ounces  with  water.  Of 
course,  where  boiling  is  not  resorted  to,  the 
solution  can  be  made  up  at  once  to  twenty- 
five  ounces.  If  boiling  is  not  resorted  to, 
the  solution  should  be  left  to  stand  till  it 
is  colourless,  and  a  black  precipitate  of 
ferrous  sulphide  lies  at  the  bottom  of  the 
bottle.  The  precipitated  ferrous  sulphide 
does  no  harm,  and  so  need  not  be  filtered 
off,  but  filtration  is  certainly  the  neater 
proceeding. 

Any  sodium  sulphide  crystals,  which  are 
left  over  after  making  up  the  stock  solution 
must  be  carefully  corked  up  in  their  bottle, 
as  the  substance  is  very  deliquescent.  It 
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is  a  good  plan  to  seal  round  and  over  the 
cork  with  melted  candle- wax. 

For  the  actual  sulphuretting  bath,  the 
following  are  taken  : 

Twelve  per  cent,  stock 
sodium  sulphide  solu¬ 
tion,  made  up  as  above 
described  .  .  .  .  i  ounce 

Water  .  .  .  .  12  to  20  ounces 

After  sulphuretting  the  print,  it  is  washed 
thoroughly  in  running  water.  It  should  be 
left  in  the  sulphuretting  bath  some  little 
time  after  all  visible  change  has  ceased — say 
a  total  time  of  twice  or  three  times  as  long 
as  the  visible  change  has  taken  for  com¬ 
pletion — and  the  conversion  of  all  the  silver 
haloid  or  ferrocyanide  into  sulphide  will  be 
complete. 

It  is  better  to  use  this  bath  quite  dilute, 
because  if  the  paper  has  a  tendency  to 
blister,  the  weaker  the  bath  the  less  danger 
is  there  of  blisters  actually  appearing.  In 
cases  where  the  emulsion  has  not  taken 
the  paper  well,  sodium  sulphide  solution  has 
unfortunately  the  habit  of  causing  blisters. 

When  the  sulphuretting  solution  is  pure, 
variation  in  the  strength  of  the  solution  does 
not  cause  difference  in  the  tones  obtained. 
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As  has  been  said  above,  the  odour  evolved 
from  the  sulphuretting  bath  is  only  very 
slight.  What  odour  there  is  is  due  to  slight 
hydrolysis  of  the  sodium  sulphide.  This 
slight  odour  can  be  lessened  by  adding  a 
small  quantity  of  caustic  soda  to  the  sul¬ 
phuretting  bath  ;  but  this  proceeding  may 
tend  to  produce  blisters,  and  so  it  is  better 
not  to  add  any.  If  added,  about  one  grain 
to  the  ounce  can  be  tried  at  first,  and  more 
added  afterwards  if  it  is  thought  desirable 
and  the  paper  will  stand  it. 

The  matter  of  iron  in  the  sulphuretting 
bath  is  one  that  should  always  be  looked  to. 
Of  course,  if  the  crystals  only  contain  a  very 
little  iron,  it  is  not  likely,  especially  if  a 
dilute  solution  only  is  used,  that  any  appre¬ 
ciable  quantity  of  ferrous  sulphide  will  be 
precipitated  in  the  paper  during  the  time  of 
sulphuration.  I  have  met  with  crystals  con¬ 
taining  a  very  large  quantity,  however,  and 
so  I  certainly  advise  that  all  be  got  rid  of 
before  toning  is  carried  out. 

With  three  out  of  the  five  brands  of  cream 
crayon  paper  at  present  on  the  market, 
even  when  all  the  iron  has  been  removed 
from  the  sulphuretting  bath,  a  precipitation 
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of  iron  will  be  noticed  to  occur  in  the  paper 
during  sulphuration.  The  paper  gradually 
becomes  slightly  greenish.  The  precipita¬ 
tion  is  caused  by  the  action  of  the  sodium 
sulphide  on  the  colouring  matter  of  the 
paper,  which  colouring  matter  is  some  com¬ 
pound  of  iron.  The  precipitation  can  be 
avoided  by  using  sulphuretted  hydrogen 
instead  of  sodium  sulphide  ;  but  it  is  best 
to  use  sodium  sulphide  and  to  eliminate 
the  iron  sulphide  afterwards,  since  sodium 
sulphide  is  a  much  more  pleasant  substance 
to  use  than  hydrogen  sulphide. 

When  a  precipitation  of  iron  sulphide  is 
brought  about  on  a  print,  no  real  harm  is 
done,  only  we  are  put  to  somewhat  more 
trouble  than  is  otherwise  the  case.  The  prints 
must  be  washed  in  running  water  until  no 
greenish  tint  remains.  The  ferrous  sulphide 
oxidises,  and  partially  washes  out.  There 
only  remains  a  certain  amount  of  basic  ferric 
salts,  and  we  may  treat  the  print  with  a 
dilute  solution  of  hydrochloric  acid  to  get 
rid  of  this.  The  hydrochloric  acid  bath 
should  be  about  0.5  to  one  per  cent.,  and  is 
applied  after  washing  in  water,  because 
otherwise  some  sulphuretted  hydrogen  would 
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be  produced,  and  this  is  unpleasant.  The 
only  final  visible  result  of  the  formation  and 
removal  of  ferrous  sulphide  is  that  with  the 
cream  crayon  papers,  where  the  iron  comes 
from  the  colouring  matter  of  the  paper  the 
tint  is  slightly  reduced.  More  ferrous  sul¬ 
phide  is  formed  with  the  cream  crayon  papers 
if  any  of  the  previous  solutions  are  strongly 
acid,  so  that  if  the  bichromate-chloride 
bleacher  be  used,  the  minimum  amount  of 
acid  given  in  the  formula  should  be  used. 
Of  course,  after  the  acid  bath,  the  prints 
must  be  again  washed  in  running  water. 

Finally,  there  are  two  very  important 
points  to  be  considered.  If  during  bleaching, 
or  at  any  time  in  the  subsequent  operations, 
there  be  present  a  solvent  of  silver  com¬ 
pound,  most  objectionable  results  will  occur. 
The  case  where  such  solvents  are  present 
in  such  amount  as  to  act  powerfully  is  easily 
understood,  and  is  not  likely  to  be  met  with. 
Here,  of  course,  the  density  of  the  print 
finally  obtained  would  be  very  seriously 
reduced,  as  well  as  the  tone  altered.  How¬ 
ever,  less  extreme  cases  may  occur  unless 
the  sulphuretting  process  is  so  arranged  as 
to  avoid  them  entirely. 


90 


SULPHURETTING  THE  SILVER  IMAGE . 


If  sodium  sulphite  be  used  as  a  clearing 
agent  after  the  iodine  treatment,  the  final 
print  obtained  is  both  reduced  in  density 
somewhat  and  is  altered  in  tone.  The  tone 
is  rendered  a  more  yellow  shade  of  brown 
than  it  would  otherwise  be.  A  five  per 
cent,  solution  of  sodium  sulphite  is  a  solvent 
of  silver  iodide,  but  only  to  a  very  slight 
extent  (the  solubility  being  about  one  in 
twenty  thousand).  The  effect  of  hypo  or 
of  any  other  thiosulphate  in  very  small  pro¬ 
portion  in  the  sulphuretting  bath  is  similar. 

The  action  of  the  solvents  appears  to  pro¬ 
duce  the  following  results,  which  results 
vary  with  the  original  silver  image  to  some 
extent  : 

(i.)  Reduction  of  density  due  to  actual 
removal  of  the  substance  of  the  image. 

(2.)  Reduction  of  density  due  to  mole¬ 
cular  change  in  the  substance  of  the  image 
and  loss  of  “  covering  power  ”  thereby. 

(3.)  Alteration  of  tone — the  brown  tone 
is  rendered  more  yellow.  This  is  evidently 
due  to  some  change  in  the  molecular  state 
of  the  substance  of  the  image. 

Rev.  F.  C.  Lambert  has  pointed  out  an 
interesting  case  of  this  action.  He  finds 
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that  if  a  print  is  bleached  in  a  bath  of  potas¬ 
sium  ferricyanide  containing  ammonia  solu¬ 
tion,  reduction  and  yellowing  of  the  image 
take  place.  If,  however,  sufficient  potas¬ 
sium  bromide  is  added  to  the  solution,  a 
normal  result  is  obtained. 

The  explanation  of  the  action  of  potassium 
bromide  in  preventing  the  solvent  effect  of 
the  ammonia  is  too  long  to  enter  into  here, 
but  it  can  be  found  by  any  interested  in 
the  theoretical  side  of  the  matter  in  Prof. 
Walker  s  Introduction  to  Physical  Chemistry 
(Macmillan  &  Co.)  2nd  Edition  pages  300-301 
and  again  pages  309-31 1. 

Some  have  advised  these  solvent  methods 
as  means  of  altering  the  tone.  As,  however, 
the  solvent  methods  only  render  the  tone 
more  yellow  than  it  would  otherwise  be,  few 
will  wish  to  do  anything  but  avoid  them. 
Whether  a  cold  dark  brown  or  a  yellower  one 
is  preferred  is,  of  course,  a  matter  of  taste  ; 
but  a  large  majority  will  certainly  aim  at 
obtaining  the  former. 

There  are  no  “  molecular  ”  methods  for 
darkening  the  tone.  The  best  method  of 
regulating  the  final  tone  obtained  is  to  regu¬ 
late  the  development.  This  brings  us  to  by 
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far  the  most  important  part  of  the  whole 
process — the  original  development. 

Where  no  chance  of  solvent  and  molecular 
action  is  permitted  anywhere  in  the  process, 
and  where  bleaching  is  constant  in  depth, 
the  image  finally  obtained  is  a  function  solely 
of  the  original  silver  image.  To  ensure 
success,  then,  a  suitable  silver  image  must 
be  developed  on  the  paper. 

The  covering  power  of  silver  sulphide  is 
not  equal  to  that  of  metallic  silver,  so  that 
the  image  we  must  obtain  must  be  darker 
and  harder  than  when  no  toning  is  going  to 
take  place.  Much  over-exposure  tends  to 
yellowish  tones.  It  is  curious  to  note  that  a 
thin  silver  image  yields  not  only  a  lighter 
but  a  yellower  tone.  The  yellow  effect  is 
chiefly  prominent  when  over-exposure  has 
taken  place,  and  a  partial  development  with  a 
dilute  developer  has  been  adopted.  Splendid 
dark  brown  tones  can  be  obtained  by 
giving  a  fairly  full  exposure  and  developing 
out  a  dark  vigorous  image.  It  appears 
that  it  is  best  to  use  a  strong  developer  for 
this  purpose,  although  the  chief  point  is  to 
develop  well  out,  and  this  can  be  done  with 
a  dilute  one  if  long  enough  time  is  given. 


93 


SULPHURETTING  THE  SILVER  IMAGE. 

The  question  of  contrasts  makes  it  impos¬ 
sible  sometimes  to  avoid  giving  such  a  long 
exposure  that  it  is  not  practicable  to  develop 
well  out.  Development  must  then  be  carried 
farther  than  when  black  tones  are  sought ; 
but  not  quite  such  dark  tones  can  ever  be 
obtained  as  when  a  shorter  exposure  can 
be  used. 

Without  claiming  any  special  virtue  for  it, 
the  amidol  formula  given  in  the  first  chapter 
can  be  thoroughly  recommended. 
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HEN  sodium  sulphide  acts  either  on 


v  v  silver  chloride,  bromide,  iodide,  or 

ferrocyanide,  the  haloid  or  ferro- 
cyanide  of  silver  is  entirely  decomposed, 
and  silver  sulphide  is  formed  quantitatively. 
When,  however,  Schlippe’s  salt  (sodium  thio- 
antimonate  Na3SbS4.9H20)  is  substituted  for 
the  sulphide,  the  above  result  does  not  occur. 
There  is  always  some  silver  haloid  or  ferro¬ 
cyanide  left  unchanged ;  and  according  to 
the  percentage  of  the  unchanged  haloid  or 
ferrocyanide,  the  colour  varies.  The  colour 
also  varies  with  the  particular  compound 
present. 

In  the  case  of  the  employment  of  a  neutral 
solution  of  Schlippe’s  salt,  a  very  consider¬ 
able  quantity  of  silver  haloid  or  ferrocyanide 
remains  unaltered,  but  with  alkaline  solutions 
much  more,  and  perhaps  in  some  cases  all, 
of  the  original  silver  compound  is  converted 
into  silver  thioantimonate.  The  silver  thio- 
antimonate  and  the  silver  haloid  or  ferro¬ 
cyanide  do  not  appear  to  exist  as  a  mere 
mechanical  mixture,  but  seem  to  form  some 
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sort  of  molecular  compound  or  lake,  which 
is  stable  when  treated  with  sodium  thio¬ 
sulphate  solution  of  ordinary  fixing  strength, 
but  which  is  decomposed  by  a  solution  of 
sodium  sulphide. 

These  lakes,  or  whatever  they  are,  can  be 
readily  prepared  and  analysed. 

An  image  composed  of  silver  thioanti- 
monate  would  no  doubt  be  quite  a  permanent 
one  ;  but  as  to  images  consisting  of  silver 
thioantimonate  loosely  combined  or  mixed 
with  unstable  silver  compounds,  the  case 
is  different.  Such  images  are  certainly  far 
more  open  to  attack  by  the  traces  of  sul¬ 
phuretted  hydrogen  in  the  air  than  a  plain 
silver  image  is.  Light  does  not  seem  to 
affect  them,  or,  if  it  does  so,  the  action  is 
very  slow. 

What  is  the  exact  degree  of  permanence 
possessed  by  prints  with  these  images  can 
only  be  determined  by  practical  experience  ; 
but  on  purely  theoretical  grounds  they 
must  be  regarded  with  suspicion. 

As  has  already  been  said,  silver  thioanti¬ 
monate  is  a  stable  salt,  but  Schlippe’s  salt 
is  very  unstable.  Even  the  carbon  dioxide 
of  the  air  decomposes  it,  forming  sodium 
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sulphide,  sodium  thiosulphate,  and  antimony 
tri-  and  pentasulphides.  The  crystals  are 
always  covered  with  a  crust  of  decomposition 
material,  which  must  be  washed  off  before 
use.  The  solution  does  not  keep  well,  deposit¬ 
ing  sulphides  of  antimony. 

In  actual  toning,  the  print,  after  being 
bleached,  as  in  the  indirect  sulphuretting 
method  already  described,  is  carefully  washed. 
When  a  neutral  solution  of  Schlippe’s  salt 
is  going  to  be  employed,  it  is  very  important 
to  see  that  no  acid  remains  in  the  print,  if, 
that  is,  any  has  been  introduced  during 
bleaching.  In  the  case  of  the  employment 
of  a  neutral  bath,  it  is  also  important  to 
remember  that  the  concentration  must  not 
be  great — about  one  per  cent,  is  right — and 
that  the  print  must  not  be  washed  in  water 
immediately  after  the  thioantimonate  bath, 
but  must  be  put  first  for  a  few  minutes  into 
a  dilute  solution  of  ammonia  (about  one- 
third  per  cent.)  If  these  points  are  not  seen 
to,  a  deposit  of  antimony  sulphides  will  be 
certain  to  occur  in  the  paper  and  film,  thus 
fogging  the  whites. 

The  tones  obtained  by  the  employment  of 
a  neutral  solution  of  Schlippe’s  salt  are 
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various  shades  of  red,  reddish-brown,  and 
yellowish-brown.  They  vary  according  to 
the  special  conditions  prevailing.  Very  slight 
differences  in  these  conditions  make  very 
considerable  differences  to  the  tone,  pro¬ 
bably  influencing  the  extent  to  which  the 
formation  of  silver  thioantimonate  proceeds. 

Slight  variation  in  the  nature  of  the 
original  silver  image,  other  things  remaining 
the  same,  seems  to  cause  considerable  vari¬ 
ation  in  the  tone  obtained.  Hence  it  is  that 
the  method  is  very  uncertain,  and  so,  even  if 
the  permanency  of  the  image  were  above  sus¬ 
picion,  it  would  not  be  of  much  practical  value. 

The  addition  of  ammonia  solution  to  the 
toning  bath,  by  causing  the  action  of  the 
thioantimonate  to  go  further,  tends  to  the 
production  of  a  darker  and  purer  brown 
tone.  The  tone  given  is  still  a  decidedly 
warm  or  yellowish  brown,  and  the  percent¬ 
age  of  silver  haloid  or  ferrocyanide  is  still 
considerable.  The  following  solution  can 
be  tried  : 

Schlippe’s  salt  .  .  .  .  50  grains 

.880  ammonia  solution  . .  20  minims 

Water  .  .  . .  to  10  ounces 

After  this  bath,  the  print  can  be  washed 
directly  in  water. 
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When  a  sufficient  quantity  of  caustic 
potash  or  soda  is  added  to  the  thioanti- 
monate  solution,  it  appears  that  in  the  case 
of  an  image  consisting  of  silver  chloride, 
bromide,  or  ferrocyanide,  all  or  nearly  all 

the  silver  is  converted  into  silver  thioanti- 
monate.  A  suitable  solution  is  : 

Schlippe’s  salt  .  .  .  .  60  grains 

Caustic  soda  .  ,  . .  15  „ 

Water  .  .  .  .  to  10  ounces 

The  solution  will  not  keep  long,  and  must 
be  used  soon  after  being  made  up,  as  if  the 
caustic  soda  gets  to  any  appreciable  extent 
carbonated,  the  bath  will  not  carry  the 
reaction  sufficiently  far.  Of  course,  in  this 
case  more  caustic  soda  can  be  added,  and 
this  will  put  matters  right  again. 

In  case  the  tone  given  is  thought  not  to 
be  as  dark  as  it  should  be  if  the  reaction  had 
gone  to  an  end,  more  caustic  soda  can  be 
added  ;  but  too  much  of  this  reagent  must 
not  be  employed,  or  the  film  will  suffer. 

The  tones  obtained  are  very  similar  to 
those  of  sulphuretted  prints,  but  slightly 
more  yellow  in  character. 

It  is  difficult  to  say  whether  the  reaction 
is  absolutely  complete.  It  is  certainly  very 
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nearly  so,  even  if  not  quite  so,  when  the  thio- 
antimonate  bath  is  in  good  condition.  In 
any  case,  the  method  can  be  employed  with 
safety,  but  the  sulphide  method  is  better. 
Even  with  much  larger  quantities  of  caustic 
soda  in  the  solution  than  given  above,  an 
iodine  bleached  print  will  not  yield  silver 
thioantimonate  quantitatively  ;  some  silver 
iodide  is  always  left  unaltered. 

By  toning  a  print  in  a  neutral  solution 
of  Schlippe’s  salt,  and  then  immersing  directly 
in  a  weak  solution  of  sodium  sulphide,  various 
tones  between  a  reddish  or  yellowish  brown 
and  a  dark  sepia  can  be  obtained.  The 
sodium  sulphide  acts  on  the  unaltered  haloid 
or  silver  ferrocyanide  contained  in  the  image, 
and  converts  this  either  partially  or  com¬ 
pletely,  according  to  the  time  of  immersion, 
into  silver  sulphide  ;  so  by  varying  the  time 
of  immersion,  different  tones  are  obtained. 
After  either  this  treatment  or  any  of  the 
alkaline  thioantimonate  baths,  washing  is 
carried  out  directly  in  running  water. 

It  has  been  proposed  to  bleach  a  bromide 
print  with  a  lead  ferricyanide  bleacher,  and 
then  to  treat  with  Schlippe’s  salt.  Here  the 
same  remarks  apply  as  in  the  case  of  the 
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pure  silver  compounds,  and  the  same  methods 
can  be  used  as  suggested  in  their  case. 

A  good  lead  ferricyanide  bleacher  is 
Lead  acetate  . .  . .  90  grains 

Potassium  ferricyanide . .  140  ,, 

Glacial  acetic  acid  .  .  150  minims 

Water  .  .  . .  to  10  ounces 

The  result  of  the  action  of  this  solution  is 
that  a  mixture  of  silver  and  lead  ferrocyanides 
is  formed  as  the  image.  After  bleaching  is 
completed,  the  print  must  be  washed  in 
several  changes  of  dilute  acetic  acid  (about 
two  per  cent.)  till  the  yellow  colour  is  entirely 
removed  from  it.  After  this  it  must  be 
washed  in  running  water  for  sufficient  time 
to  get  rid  of  the  acid.  The  first  washing  in 
dilute  acid  is  to  prevent  the  formation  of 
insoluble  basic  lead  salts,  which  would  cause 
stains. 

Instead  of  employing  Schlippe’s  salt  after 
the  lead  bleacher,  a  reddish  yellow  tone  due 
to  the  formation  of  chromates  of  silver  and 
lead  is  obtained  by  treating  the  print  with  : 
Potassium  bichromate  .  .  1  ounce 

.880  ammonia  .  .  .  .  1  „ 

Water  .  .  . .  to  10  ounces 

A  purer  yellow  tone  can  be  obtained  by 
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using  : 

Potassium  chromate  .  .  i  ounce 
Water  . .  . .  to  io  ounces 

If  a  print  is  bleached  with  the  well-known 
mercuric  chloride  bleacher,  and  then,  after 
washing,  treated  with  a  sulphuretting  solu¬ 
tion,  a  warm  black  and  considerably  intensi¬ 
fied  image  is  the  result. 

The  tone  is  too  black  for  the  method  to 
be  of  much  value  for  toning  purposes,  but 
the  following  modification  will  be  found  useful 
when  dealing  with  weak  prints  as  an  alter¬ 
native  to  the  sodium  sulphide  method. 

Weak  greyish  images  do  not  yield,  as  has 
been  seen,  good  results  by  the  sulphuretting 
method  ;  the  colour  of  the  image  is  too 
yellow.  In  this  case,  bleaching  the  image 
only  to  a  slight  extent,  and  then  sulphuret¬ 
ting,  will  certainly  yield  a  better  result 
than  the  normal  method  of  complete,  or 
practically  complete,  bleaching  ;  but,  as  has 
been  said,  this  involves  the  danger  of  un¬ 
evenness  of  tone,  for  if  the  bleaching  is  not 
even,  toning  will  not  be  so  either. 

A  better  method  in  this  case  is  to  bleach 
pretty  thoroughly — experience  must  teach 
the  right  amount  of  bleaching  necessary — 
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with  the  bichromate  chloride  bleacher  given 
previously  diluted  to  about  six  times,  and 
then,  after  thoroughly  washing  in  running 
water,  to  complete  the  bleaching  with  a 
mercuric  chloride  solution.  The  following 
is  recommended  : 

Mercuric  chloride  .  .  90  grains 

Hydrochloric  acid  (con¬ 
centrated)  .  .  .  .  50  minims 

Water  .  .  . .  to  10  ounces 

After  this  solution,  the  print  is  washed  in 
two  or  three  changes  of  dilute  hydrochloric 
acid  (0.5  to  one  per  cent.),  and  then  in  running 
water  for  about  ten  minutes  or  so.  It  is 
then  sulphuretted  in  the  sodium  sulphide 
bath,  as  before  described. 

There  is  some  doubt  as  to  the  action  of 
a  sulphuretting  solution  on  a  mercury 
bleached  print.  When  a  solution  of  a  mer¬ 
curous  salt  is  treated  with  a  soluble  sulphide, 
a  black  precipitate  is  formed,  and  there  is 
some  doubt  as  to  whether  this  is  mercurous 
sulphide  or  a  mixture  of  mercury  and  mer¬ 
curic  sulphide.  In  any  case,  the  stability 
of  a  sulphuretted  mercury  bleached  print 
will  be  found  to  be  excellent. 

Mr.  C.  W.  Somerville  has  suggested  treat- 
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ing  a  print  toned  in  the  copper  ferricyanide 
toning  bath  with  a  solution  of  sodium  sul¬ 
phide.  The  tones  obtained  in  this  manner 
vary  with  the  length  of  time  during  which  the 
sulphuration  is  allowed  to  act,  and  also  with 
the  original  copper  tone.  The  action  of  the 
sodium  sulphide  seems  to  be  quite  evenly 
apportioned  between  the  silver  and  the 
copper  ferrocyanide.  In  the  case  of  sul¬ 
phuretted  hydrogen,  however,  the  silver  ferro¬ 
cyanide  is  attacked  much  the  more  readily, 
and  so  sulphuretted  hydrogen  would  seem 
to  be  the  most  suitable  solution  to  use  for 
reddish  browns. 

The  following  can  be  tried  : 

Twelve  per  cent,  stock 
sodium  sulphide  solu¬ 
tion  . .  . .  . .  |  ounce 

Sulphuric  acid  (concen¬ 
trated)  . .  . .  30  minims 

Water  . .  . .  to  10  ounces 

It  should  be  used  out  of  doors.  The  tones 
obtained  by  this  method  vary  between  the 
red  of  the  copper-toned  print  and  the  dark 
brown  of  an  image  consisting  of  copper  and 
silver  sulphide. 
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ADVERTISEMENTS. 


OPTICAL  LANTERNS  AND  SLIDES. 


BIOSCOPES  £3  3s.  each. 

Mr.  HU GHES  ( Specialist ,  30  years  established),  does  a  larger  business  in  projecting  apparaius 
than  any  other  firm.  Beingalegitimatemanufacturer,hegives  the  very  best  andmost 
technical  at  the  cheapest  possible  rate.  Not -nearly  4000  Pamphengos  Lanterns  have  been  sold. 
It  ts  the  only  oil-lighted  Lantern  that  will  show  a  slide  effectively.  His  Triple  Biunia'  Lanterns 

and  Perfected  B  icscopes  are  a  revelation. 

HUGHES’  Marvellous 

PAMPHENGOS 

BEAUTIFUL  RUSSIAN 
IRON  LANTERN. 

Elegant  Brass  Fronts,  sliding  for  chemical  experi¬ 
ments,  4£in.  best  Double  Condensers,  High-class 
Portrait  Com¬ 
bination  Lens  a\ 
inch  diameter, 
Rack  and  Pinion 
etc.,  and  best 
PAMPHENGOS 
Lamp,  giving  12 
feet  brilliant  pic¬ 
tures  at  33  feet 
from  screen,  9 
leet  at  24  lcet 
from  ditto 
Reduced  to 

£4-4-0 


Gives  12  feet  pictures  at  24  feet,  and  9  feet  at  18  feet  from  screen. 


The  No  2 
PAMPHENGOS 

REDUCED  TO 

£3  5  O. 
Pamphlets  free. 


Grandly- illustrated  Catalogue  of  160  Original  Engravings  of  Lanterns,  etc.  Grand  effects,  6d. ; 
postage,  4d.  Bijou,  ditto,  6d.,  post  free.  60,000  Slide  List,  6d.  ;  postage,  3d.  Grandly  illus¬ 
trated  Bioscope  List,  6d. ;  postage,  3d.  Illustrated  Film  List,  7d.  free. 


The  very  thing  Wanted.  HUGHES’  PATENT 


ALPHENGO 


No  Condensers. 

Does  Everything.  ,| 

REFLECTING  ENLARGING  LANTERN  M 
also  DAYLIGHT  ENLARGER.  sW 

Marginal  illumination  perfect.  Ready  night  or  day. 

Used  in  conjunction  with  own  Camera  enlarges  to  any 
size.  Copies  and  reduces,  makes  Lantern  Slides,  multurn- 
in-parvo.  Most  valuable  and  useful  Enlarger  extant. 

Will  show  Opaque  Objects. 

PRICES  with  nests  of  Carriers  all  sizes  down  to  3J  x  3$. 
i-plate,  26/-  55x4, 30/-  ;  |-plate,  42/-  ;  1/1-plate,  60/- 

including  Two  Incandescent  Gas  Burners  and  Fittings.  Illustrated  Pamphlets,  2d. 
Before  purchasing  a  Lantern  send  for  Grandly  Illustrated  Catalogue,  8d.  60.000  Slide 

List,  6d.  Grandly  Illustrated  Cinematograph,  do..  6d.  Postage,  3d. 


12  x  10,  105/-  ;  15  x  12,  1 30/-., 


W.  C.  HUGHES. 


82, 


BREWSTER  HOUSE, 

Mortimer  Road,  KINGSLAND,  N. 
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DALiLCnEYER  DEESES 

UNSURPASSED  FOR  FORTY  YEARS. 


THE  CELEBRATED 

STIGMATIC  LENSES. 

Series  II.  (Convertible  ) 

The  complete  Lens  works  at  f/6,  and  the  single 
combinations,  giving  focal  lengths  of  one  and  a  half 
times  and  twice  that  of  the  complete  lens,  at  f/16. 
Cover  magnificently  over  a  large  field  with  perfect 
flatness  and  freedom  from  astigmatism. 


TELEPHOTOGRAPHIC  LENSES  AND  ATTACHMENTS. 


DALLMEYER’S  NEW  NATURALIST’S  CAMERA. 

Reflex  Focussing  Rapid  Telephoto  Lens,  Anschutz  Shutter. 

Invaluable  for  rapid  pictures  of  inaccessible  objects.  Used  by  leading  Naturalists 
Journalists,  etc.  Send  for  Descriptive  Circular. 

Fully  illustrated  catalogues  free  on  application.  Five  per  cent,  discount  for  cash  with  order 


H.  DALLMEYER,  Ltd.,  25,  Newman  St.,  London,  W. 


IV. 


ADVERTISEMENTS. 


Ho  attain 
Success  in 


photography 


IT  IS  NECESSARY  TO  SELECT 


ROSS’ 

PATENT 

HOMOCENTRIC  LENSES 


A  GOOD  CAMERA 
AND  SHUTTER 

and 

Suiahle  Plates,  films,  etc,, 

BUT  PRACTICALLY 

EVERYTHING  DEPENDS 

UPON  THE  LENS. 


ARE  THE  LATEST  AND  BEST. 

FOR  ADAPTATION  TO  EITHER  OLD  OR  NEW  CAMERAS, 


ROSS 


Offer  to  Amateur  or  Professional 

Photographers  and  Process 

ffldrfctr*  a  Greater  Choice  and 
W  *  a  Finer  Selection  of 


LIMITED, 


Eah-ciass  Corns  than  any 

other  Manufacturer  in  the  world. 


- - 

Send  for  Illustrated  Catalogue  op 


EOSS,  EOSS-ZEISS, 

&  EOSS-GOEEZ  LENSES, 
EOSS’  CAMEEAS  &  OUTFITS. 


ROSS, 


ijj  1 1 1,  New  Bond  St.,  London,  W. 

— -Z  31,  Cockspur  St.,  Charing  Cross,  S.W. 
•  •  •  Wholesale  Dept,  and  Optical  Works, 
Clapham  Common,  S.W. 


And  of  all  leading  Dealers  and  Opticians. 


PHOTOGRAPHIC  * PUBLICATIONS .  * 


Books  on  Photography. 

AND  KINDRED  SUBJECTS. 


On  the  following  pages  are  particulars 
of  the  “ Photography  Bookshelf”  Series  of 
Handbooks  to  which  this  volume  belongs. 

There  are  many  other  works  on  photo¬ 
graphic  subjects  published  by  Iliffe  &  Sons 
Limited,  a  complete  list  of  which  will  be 
sent  free  on  receipt  of  a  postcard. 


ILIFFE  &  SONS  Limited,  20,  Tudor  Street, 
London,  E.C. 


ILIFFE  &  SONS  LIMITED. 


“ PHOTOGRAPHY  BOOKSHELF ”  SERIES. 


“Photography  Bookshelf”  Series.  No.  i. 

Photography  for  All. 

By  W.  JEROME  HARRISON,  F.G.S. 

174  pages.  Sixth  Edition.  New  Style,  Cloth  Binding.  Price  1'-,  postage  2d. 

Mr.  Harrison’s  work  has  been  the  handbook  with  which 
thousands  of  would-be  photographers  have  made  their  fast 
acquaintance  with  the  art.  As  a  general  introduction,  it  will 
be  found  invaluable.  It  gives  instruction  in  sufficient  detail  for 
all  the  earlier  work  likely  to  be  undertaken,  without  at  the  same 
time  any  trace  of  padding  or  of  unnecessary  elaboration. 


“  Photography  Bookshelf  ”  Series.  No.  2; 

Practical  Slide  Making. 

By  G.  T.  HARRIS,  F.R.P.S. 

136  Pages.  Illustrated.  New  Style,  Cloth  Binding.  Price  r’*,  postage  2d. 

The  author  describes  fully  how  to  make  lantern  slides  on 
commercial  lantern  plates,  and  deals  also  from  his  own 
experience  with  many  other  beautiful  if  less  popular  methods 
— collodio-bromide,  albumen,  carbon,  etc. 


ILIFFE  &  SONS  LIMITED. 


“PHOTOGRAPHY  BOOKSHELF”  SERIES. 


“ Photography  Bookshelf”  Series.  No.  4. 

ThePlatmotype  Process 

By  W.  J.  WARREN. 


89  Pages.  With  Facsimile  U ndeveloped  and  Developed  Platinum  Print.  Old  Style, 
Cloth.  Price  i  /-,  postage  2d. 


A  complete,  practical,  concise,  and  well-written  treatise  on 
what  is  by  general  admission  the  finest  of  the  printing  methods 
of  pure  photography,  by  one  who  was  a  skilled  exponent 
of  the  process. 


“ Photography  Bookshelf”  Series.  No.  5. 

Photography  in  Colours 

By  R.  CHILD  BAYLEY,  F.R.P.S. 

Illustrated.  Second  Edition.  Greatly  Enlarged  and  Reset  throughout.  Cloth,  Xew 
Style.  Price  i/-,  postage  2d. 


The  new  edition  gives  practical  directions  for  the  various 
methods  of  colour  photography,  together  with  a  sufficient 
account  of  the  principles  upon  which  those  methods  are  based. 


ILIFFE  &  SONS  LIMITED. 


“ PHOTOGRAPHY  BOOKSHELF ”  SERIES. 


“ Photography  Bookshelf  ”  Series.  No.  6. 

Practical  Enlarging. 

By  JOHN  A.  HODGES,  F.R.P.S. 

142  Pages.  Illustrated.  Sixth  Edition.  Cloth,  New  Style.  Price  i/-,  postage  2 d. 

One  of  the  most  popular  photographic  handbooks  ever 
written,  and  brought  in  this  edition  quite  up  to  date.  Mr. 
Hodges  has  been  before  the  photographic  public  for  many  years 
as  a  skilful  worker,  particularly  adept  in  the  methods  with 
which  this  work  deals. 


“ Photography  Bookshelf”  Series.  No.  9. 

Short  Lessons  in 
Photography. 

By  G.  ARDASEER. 

134  Pages.  30  Illustrations.  Cloth,  Old  Style  Binding.  Price  I /-,  postage  2d. 

It  forms  an  admirable  supplement  to  Mr.  Jerome  Harrison’s 
“  Photography  for  All  ”  (Photography  Bookshelf  Series,  No.  1) ; 
and  anyone  starting  photography  would  do  well  to  take  the 
latter  book  first,  and  then  to  go  over  the  ground  dealt  with 
by  Mr.  Ardaseer. 


ILIFFE  &  SONS  LIMITED. 


“ PHOTOGRAPHY  BOOKSHELF”  SERIES. 


“ Photography  Bookshelf”  Series.  No.  7. 

Practical  Collotype. 

By  A.  W.  FITHIAN. 


90  Pages.  29  Illustrations.  Neatly  Bound  in  Cloth,  turned  in.  Price  2 16,  postage  id. 


Where  anything  more  than  a  dozen  or  so  of  prints  are 
wanted,  and  where  cost  price  is  an  important  matter,  the 
collotype  affords  both  an  economical  and  satisfactory  method 
of  production.  It  has  been  left  too  largely  in  the  hands  of  a 
few  big  firms,  although  it  is  particularly  well  suited  to  the 
worker  in  a  smaller  way,  since  the  plant  required  is  not 
extensive,  and  it  allows  ample  room  for  personal  skill. 

Latterly  there  has  been  manifested  a  tendency  to  popu¬ 
larise  the  process  again,  towards  which  Mr.  Fithian’s  book 
has  largely  contributed.  Between  its  covers  will  be  found 
everything  that  it  is  necessary  for  a  photographer  to  know 
to  decide  whether  he  shall  try  his  hand  at  collotype,  and  to 
enable  him  if  he  takes  it  up  to  carry  out  the  process  with 
ease  and  success. 


1LIFFE  &  SONS  LIMITED i 


“ PHOTOGRAPHY  BOOKSHELF ”  SERIES. 


“Photography  Bookshelf”  Series.  No.  10. 

Practical  Retouching. 

With  Directions  for  the  After  Treatment  of  the  Negative 
Generally. 

By  DRINKWATER  BUTT. 

Second  Edition.  78  Pages.  Illustrated.  Cloth,  New  Style.  Price  1/-,  postage  2 d. 

The  author  clears  up  the  preliminary  difficulties  and  leaves 
the  path  of  the  would-be  retoucher  free  before  him.  Nothing 
is  wanted  beyond  a  careful  study  of  this  book  and  then 
practice. 

“ Photography  Bookshelf  ”  Series.  No.  II: 

Elementary 
P  hotomicrography. 

By  WALTER  BAGSHAW. 

71  Pages.  23  Illustrations.  Cloth,  Old  Style.  Price  1/-,  postage  2d. 

Mr.  Bagshaw  tells  how  the  amateur  photographer  and 
amateur  microscopist,  with  little  or  no  special  apparatus  at 
his  disposal,  may  combine  his  hobbies,  and  obtain  fine,  clear, 
and  well-defined  photomicrographs  with  ease  and  certainty. 

1LIFFE  &  SONS  LIMITED: 


PHOTOGRAPHY  BOOKSHELF ”  SERIES. 


“ Photography  Bookshelf ”  Series.  No.  13. 

Photography  by  Rule. 

By  JOHN  STERRY. 

130  Pages.  33  Illustrations.  Cloth  Binding,  Old  Style.  Price  i /-,  postage  2d. 

An  elementary  treatise  on  the  latest  lines.  Mr.  Sterry  shows 
that  modern  scientific  workers  have  removed  much  of  the 
trouble  that  beset  the  photographer  of  five  or  ten  years  ago  ;  and 
that,  approached  properly,  the  great  problems  of  correct  exposure 
and  correct  development  become  comparatively  simple. 


“ Photography  Bookshelf  ”  Series.  No.  14. 

Practical 

Orthochromatic 

Photography. 

By  ARTHUR  PAYNE,  F.C.S. 

178  Pages.  53  Illustrations.  Cloth,  Old  Style  Binding.  Price  i/-,  postage  2d. 

Gives  in  brief  form  the  principles  of  orthochromatism,  and 
then  at  greater  length  describes  how  they  may  be  applied  to 
the  every  day  work  of  the  photographer. 


ILIFFE  &  SONS  LIMITED . 


PHOTOGRAPHIC  PUBLICATIONS. 


"PHOTOGRAPHY,”  the  largest,  best  illustrated,  and  most  in¬ 
fluential  photographic  newspaper,  appeals  directly  to  all  who  take  an 
interest  in  camerawork.,  whether  in  its  scientific  or  pictorial  aspects. 

“  PHOTOGRAPHY  ”  has  the  exclusive  publication  of  the  work  of 
the  most  eminent  scientific  and  practical  authorities  on  the  subject. 

“PHOTOGRAPHY,”  from  the  artistic  standpoint,  is  the  only 
paper  giving  special  attention  to  all  schools  of  pictorial  work  ;  it  is 
noted  for  the  value  of  its  artistic  criticism  and  for  the  beauty  of  its 
reproductions  of  the  leading  photographic  pictures. 


Send  a  postcard  for  a  specimen  copy  to  the  publishers: 

ILIFFE  &  SONS  Limited,  20,  '  Tudor  Street, 
London,  E.C. 


ILIFFE  &  SONS  LIMITED. 


ADVERTISEMENT?. 


XIU, 


LISTS  FREE. 

WRATTENS 

London 

Plates  - 

UNEQUALLED  FOR  ALL  CLIMATES  AND  PURPOSES. 

WRATTEN  &  WAINWRIGHT,  Croydon. 


RIGHT 

EXPOSURE 


NEW  for  carbon,  platino,  and  process  A  complete  long-wearing  instrument 

work.  Slow  paperdarkening  in  full  sight.  for  ALL  plates  and  all  uses. 

N  FW  nilPFN  RFF  1A/R  Highest  finish,  silver  plated,  convex  ivorine 
x  front,  in  pocket  case.  A  beautiful  instrument. 

Both  these  at  same  price  with  U.S.  dials.  MARKED  FOR  ALL  KODAKS. 


WATKINS’  MANUAL.,  fully  illustrated,  1/-. 

“Far  and  away  the  best  shilling  book  on  Photography.” 

EXPOSURE  NOTES,  1  /-. 

EIKRONOM  ETER,  A  DARK  ROOM  CLOCK,  10/6. 

Send  for  Lists.  WATKINS  METER  CO,  HEREFORD. 


XIV 


ADVERTISEMENTS 


BARNET 

Ortbochromatic 

Plate. 


Yellow  &  Green 
Sensitive. 


Speed  abnormally  high — 
no  other  plate  of  this  grade 
can  approach  it. 

Quality  is  superb.  Grain  is  very  fine 
and  the  plate  is  so  easy  to  work 
that  we  recommend  it  for 
everyday  use  in  studio  and  field. 

It  is  remarkably  free  from  halation. 


1/- 


-  per  doz.  Quarter-plates. 

Perfect  rendering  of  the  high-lights  and  shadows. 

Great  latitude  in  exposure,  and 

the  need  of  retouching  is  reduced  enormously. 


Other  Grades  of  Barnet  Plates  : 

ORDINARY  -  MEDIUM  -  EXTRA  RAPID  -  ROCKET. 

Lantern  and  Photo-mechanical. 


Full  Price  List  on  Application. 

Elliott  &  Sons,  Ltd., 

BARNET,  HERTS. 


Sole  .  .  . 
Manufacturers 


O  p-£L  C  V  Cv&. 
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Sbe'this  Trade  Mark  THE  ACTIEN  GESELLSCHAFT  FUR 
anTlin  FABRIKATION, 

MANUFACTURERS  OF 


ON  ALL  GOODS 


Photographic  Developers 
Chemicals,  Plates,  etc. 


Rodinal. 


Unal. 


Imogen 

Sulphite. 


A  highly  concentrated  Developing  Solution,  ready  for  immediate  use 
on  being  diluted  with  from  20  to  40  parts  ol  water.  Producing  negatives  of 
the  highest  perfection,  clear  and  of  perfect  transparency  and  gradation. 
Suitable  for  all  makes  of  plates.  Extremely  stable.  Highly  energetic, and 
especially  valuable  for  landscapes  and  architectural  negatives. 
_ Price  per  Bottle,  3  oz.,  1/6;  8  oz.,  3/-  ;  16  oz.,  5/-. _ 

RODINAL  IN  A  SOLID  FORM.  Dissolve  the  contents  of  a  package 
in  water,  and  you  have  a  solution  of  Rodinal  1  in  25. 

2  grm.  tubes,  tor  ai  oz.,  3d.  each ;  or  2  -  for  10. 

,,  1 7  „  7d.  „  2  6  „  5. 

Bottles  for  35  oz.,  1  /-  ;  70  oz.,  1  / 9  ;  175  oz.,  3/3. 

This  highly  efficient  Developer  lays  claim  to  notice  by  reason  of  its  great 
simplicity,  both  in  the  modes  of  preparation  and  of  use  (see  our  booklet) . 
It  requires  no  addition  of  chemicals  beyond  washing  soda :  is  easily  con¬ 
trolled  with  water  only.  Keeps  indefinitely.  Does  not  stain  or  fog. 

1  oz.,  7d. ;  4  oz.,  1/8 ;  8  oz.,  3/-  ;  16  oz.,  5/4. 


A  Developer  with  rapid  action,  producing  a  negative  ot  ample  density 
full  of  detail  and  gradation,  with  a  peculiarly  soft  and  artistic  effect, 
c ilrnnnffPn  ttiereby  avoiding  a  hard  contrasty  picture,  even  when  development  has 
k  I  IVUIIUgClli  been  forced.  It  is  on  this  account  highly  recommended  when  the  lighting 
of  the  subject  is  unavoidably  harsh  in  contrast,  and  for  snapshots  and 
flashlight  work.  1  oz.,  1/2  ;  40Z.,  3/3  ;  8oz.,6/6  ;  16  oz.,  12/-. 


Also  Metol,  Amidol,  Ortol,  Paramidophenol,  Diphenal,  Diogen,  Hydroklnone, 
Pyrogallic  Acid  (resublimed  and  heavy  crystals). 


Developing 

Cartridges. 


Pyro 

(making  7  oz. 

normal  developer)  box  of  10  . 

.  2/3 

Hydrokinone. . 

„  4i„ 

„  10  . 

.  2  3 

Metol 

„  7  ,, 

„  „  6  . 

.  3/- 

Eikonogen 

»  5  ,1 

„  „  10  . 

.  2/S 

Amidol 

„  7  „ 

„  „  6  . 

.  2/6 

Ortol  . . 

„  7  „ 

„  „  6  . 

.  3/- 

Compare  these  quantities  with  other  apparently  Cheaper  Makes. 


ISOLAR  (Anti-Halation)  PLATES  orthochromatic. 

The  Anti-Halation  properties  of  this  plate  are  due  to  the  insertion  of  a  non-actinic  layer 
between  the  emulsion  and  the  support.  This  obviates  the  use  ot  a  backing,  thus  doing  away 
with  a  fruitful  source  of  spots,  etc. ;  at  the  same  time  it  offers  an  absolute  immunity  from 
halation.  Send  for  particulars.  Stocked  in  all  English  sizes. 


AGFA  Neutral  Toning  and  Fixing  Saits. 

These  Salts  on  being  dissolved  in  water,  give  immediately  a  gold  toning  and  fixing  bath 
which  is  quite  neutral,  thereby  avoiding  double  toning,  sulphur  toning,  and  other  troubles 
due  to  acidity.  As  the  print  is  fixed  long  before  tonmg  commences,  there  is  no  fear  of  fading 
from  improper  fixing.  Suitable  to  any  paper.  1/-  per  tin,  making  30  oz.  bath. 


OF  ALL  DEALERS.— ASK  FOR  “AGFA”  BOOKLET. 


:  CHAS.  ZIMMERMANN  &  Co., 

9  &  10,  ST.  MARY-AT-HILL,  LONDON,  E.C. 


SOLE 

AGENT8 


